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PREFACE. 



the preseiit day, ■when, in several provinces of know- 
ledge, wo Lave s large actual pi-ogreaa of solid truth 
to look back upon, we may make the like attempt 
with the prospect of better succesa, at least on that 
ground. It may be a task, not hopeless, to extract 
from the past progress of science the elements of an 
effectual and substantial method of Scientific Disco- 
very. The advances which have, during the last throe 
centuries, been made in the physical sciences;— in 
Astronomy, in Phyaica, in Chemistry, in Natural His- 
tory, in Physiology ; — these are allowed by aU to be 
real, to be great, to be striking; may it not be that 
the steps of progress in these different cases have in 
them something alike? May it not be that in each 
advancing movement of such knowledge there is some 
common principle, some common process^ May it 
not he that discoveries are made by an Organ which 
has something uniform in its working) If we can 
shew that this is so, we shall have the New Organ, 
which Bacon aspired to construct, renovated according 
to our advanced intellectual position and office. 

It was with the view of opening the way to such 
an attempt that I undertook that survey of the past 
progress of physical knowledge, of which I have given 
the results in the Ilietory of the Sciences, and .the 
History of Scientific Ideag' ; the former containing 
the history of the sciences, so far as it depends on 



cibaerved Facts; the latter coataining the history of 
those Ideas by which suoh Facte axe boaad into 



It can hardly happen that a work which treats of 
Methods of Scientific Discovery, shall not aeem to 
fail in the positive results which it offers. For an 
Art of Discovery is not jwEsible. At each step of the 
investigation are needed Invention, Sagacity, Genius, 
— elementa which no art can give. We may hope in 
vain, as Bacon hoped, for an Organ which shall enable 
all men to construct Scientific Truths, as a pair of 
compasses enables all men to construct exact circles'. 
This cannot be. The piwitical results of the Philoso- 
phy of Science must be rather classification and 
analyids of what has been done, than precept and 
method for future doing. Yet I think that the me- 
thods of discovery which I Lave to recommend, though 
gathered from a wider survey of scientific histoi-y, 
both as to subjects and as to time, than (so far as I am 
aware) has been elsewhere attempted, are quite as 
definite and practical as any othera which have heen 
proposed ; with the great additional advantage of being 
the methods by which aU great discoveries in science 
have really been made. This may be saitl, for instance, 
of the Method o/Gradalion. and the Method ofJVaiural 
Classyication, spoken of b. iii. c. viii; and in a nar- 
rower sense, of t}ie Method of Curves, the Method of 
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Means, (Ae Method qf Least Squares and the Method 
of Residues, spoken of in chap. vii. of the same . 
Also the Remarks on the Use of EypoOieses ai 
the Teste of Hypotheses (b, iL a v) point out features 
which mark the usual course of discovery. 

But one of the principal lessons resulting from our ' 
views is undoubtedly this : — that different scaencen I 
may be expected to advance by different modes of I 
pi-ocedure, according to their present condition; and- I 
that in many of these sciences, an Induction performed 
by any of the methods which have just been referred 
to is not the next step which wo may expect to see 
made. Several of the sciences may not he in a condi- 
tion which fits them foe such a Colligation of Facts; 
(to use the phraseology to which the succeeding ana- 
lysis has led me}. The Facts mayj at the pi-esent 
time, require to be more fully observed, or the Ideft ] 
by which they are to be ooUigated may require to be 
more fully unfolded. 

But in this point also, our speculations are far from. 
being haiTen of practical reaulta. The examination- 
to which we have subjected each science, gives us the 
means of discerning whether what ia needed for the 
further progress of the science, has its place in the 
Observations, or ia the Ideas, or in the union of the 
two. If observations be wanted, the Methods of Ob- ■ j 
servation, given in b. iii. c. ii. may be referred ti 
those who are to make the next discoveries need, for | 
that purpose, a developement of their Ideas, the modes \ 
in which such a developement has usually taken J 
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place are treated of in Chapters iii. and i 
BooL 

No one who has well studied the history of science 
can feU to see how important ft part of that history 
is the explication, or aa I might call it, the clarijica- 
tion of men's Ideas. Thia, the metaphysical aspect of 
each of the physical sciences, is very far from being, 
as some have tried to teach, an aspect which it passes 
throiigh at an early period of progress, and previously 
to the stage of positive knowledge. On the contrary, 
the metaphysical movement is a ceceasory part of the 
inductive movement. This, which is evidently so by 
the nature of the case, ■was proved by a copious collec- 
tion of historical evidences, in the History of Sdentifio 
Ideas. The ten Books of that History contain an 
account of the principal philosophical controversies 
which have taken place in all the physical sciences, 
from Mathematics to Physiology. These controversies, 
which mast be called metaphysical if anything be so 
called, have been eonduoted by the greatest discoverers 
in each science, and have been an essential part of the 
discoveries made. Physical discoverers have differed 
from barren speculators, not by having no metaphysics 
in their heads, but by having good metaphysics in 
their Leads while their adversaries had bad; and by 
binding their metaphyaios to their physios, instead of 
keeping the two asunder. I trust that the History of 
Si^eniife Ideas is of some value, even as a record of » 
number of remarkable controversies; but I conceive 
that it also contains an indisputable proof that there 
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18, in pttigfesaiye science, a metaphysical as weU a 
physical eleiuent; — ideas as well as facts ;— thoughts I 
Bs woll OS things. Metaphysics 13 the proceea of as- I 
certainiog that thought is consistent tvith itself : and I 
if it be not so, our supposed knowledge is not know- 
ledge. 

In Chapter vi of the Second Book, I Lave spoken of 1 
ihs Logic of Induction. Several wiiters' have quoted ,[ 
very emphatically my assertion that the Logic of Indue- i 
tion does not exist in previous writers : using it af 
introduetion to Logical Schemea of their own. They 
seem to have overlooked the fact that at the same time 
that I noted, the deficiency, I ofiered a BcLeine which I 
think fitted to supply this want. And I am obliged to 
say that I do not regard the schemea proposed by any 
of those gentlemen as at aU satisfactory for the purpose. 
But I must defer to a future occasion any criticism of I 
authors who have written on the subjecta here treated. 
A critical notice of such authors formed the Twelfth 
Book of the former edition of the PhUoaophy of the 
Sciencea. I have there examined the opinions concern- 
ing the Nature of Eeal Knowledge and the mode of 
acquiring it, which have been promulgated in all ages, 
from Plato and Aristotle, to Roger Bacon, to Francis 
Bacon, to Newton, to Herschel. Such a survey, with 
the additions which I should now have to make to it, 
may hereaAer be put forth as a separate book ; but I 
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have endeavoureil to confine the present volume to such 
positive teaching regarding Knowledge and Science as 
results from the investigations pui'sued in the other 
works of this series. But with regai-d to this matter, 
of the Logic of Induction, I may venture to say, that 
we shall not find anything deserving the name ex- 
plained in the common writers on LogiCj or exhibited 
under the ordinary Logical Forma. T/uU in previous 
writers which comes the nearest to the notice of such a 
Logic aa the history of science has suggested and veri- 
fied, is the striking declaration of Bacon in two of his 
Aphorisms (b. i. apL eiv. cv,), 

" There will be good hopes for the Sciences then, 
and not till then, when hy a true scale or ladder, 
and by successive steps, following continuously without 
gaps or breaks, men shall ascend from particulars to 
the narrower Propositions, from those to intermediate 
ones, rising in order one above another, and at last to 
the moat general. 

" But in establishing such propt^tions, we must de- 
vise some other Fork of Induction than has hitherto 
been in use; and this must be one which serves not 
only to prove and discover Principles, {as very general 
Propositions are called,) but also the narrower and the 
intermediate, and in short, all true Propositions." 

An il he elsewhere speaks of successive Fldobs of 
Induction. 

All the ti-ntha of an extensive science form a Series 
of such Floors, connected by such Scales or Ladders; 
and a part of the Logic of Induction consists, as I 
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conceiTe, in the construction of a Scheme of such 
Floors. Convei^ng from a wide basia of various 
clasaes of particulars, at last to one or a, few general 
truths, these schemes necessarily take the shape of 
a Pyramid. I have constructed such Pyramids for 
Astronomy and for Optics'; and the iUustrioua Von 
Humboldt in speaking of the former subject, does me 
the honour to say that my attempt in that depart- 
ment is perfectly successful'. The Logic of Induction 
contains other portions, which may be seen in the 
following work, b. ii. c. -vi. 

I have made large additions to the present edition, 
especially in what regards the Application of Science, 
(b. iiL o. ir.) and the Ijinguage of Science. The 
ibrmer subject I am aware that I have treated very 
imperfectly. It would indeed, of itself, furnish mate- 
rial for a large work; and would require an acquaint- 
ance with practical arts and manufactures of the most 
exact and extensive kind, 
server may see how much it 
with Science is now than it 
large and animating hopes this union inspires, both 
for the progress of Art and of Science. On another 
subject also I might have dilated to a great extent, 
— what I may call (as I have just now called it) the 
social machinery for the advancement of science. There 
cau be no doubt that at certain stagt 



But even a general ob- i 
re close the union of Art 
rer was before ; and what ' 



Societies and Aasociationa may do much to promote 
their furtlier progress ; ljy combining their observa- 
tions, comparing their views, contributing to provide 
matei-ial meana of observation and calculation, and 
dividing the offices of observer and generalizer. We 
have had in Europe in general, and especially in this 
country, very encouraging examples of what may be 
done by snch Associations. For the present I have 
only ventured to propound one Aphorism on the sub- 
ject, namely this; (Aph. LV.) That it is worth con- 
sidering whether a continued and connected system of 
observation and calculation, like that of Astronomy, 
might not be employed in improving our knowledge 
of other subjects; as Tides, Currents, Winds, Clouds, 
Rain, Terrestrial Magnetism, Aurora Borealia, compo- 
sition of crystals, and the like. In saying this, I have 
mentioned those subjects which are, as appears to 
me, most likely to profit by continued and connected 
observations. 

I have thrown the substance of my results into 
Aphorisms, as Bacon had done in his Nvvum Or- 
ganuTH. This I have done, not in the way of deliver- 
ing dogmatic assertions or oracular sentences; for 
the Aphorisms are all supported hy reasoning, and 
were, in fact, written after the reasoning, and ex- 
tracted from it. I have adopted this mode of gather- 
ing results into compact sentences, because it seems to 
convey lessons with additional clearness and emphasis. 

I have only to repeat what I have already said; that 
this task of adapting the Novum, Organum to tho 
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present state of Physical Science, and of constructing a 
Newer Organ which may answer the purposes at which 
Bacon aimed, seems to belong to the present genera- 
tion; and being here founded upon a survey of the 
past history and present condition of the Physical 
Sciences, will I hope, not be deemed presumptuous. 

Trinity Lodge, 

I NovenibeTf 1858. 
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NOVUM ORGANON 
RENOVATUM. 



NOV. OBG. 



Db Scientiis tmn demum bene sperandum est, quando per 
ScALAif veram et per gradus continuos, et non intermissos aut 
hiulcos, a particularibus ascendetur ad Axiomata minora, et 
deinde ad media, alia aliis superiora, et postremo demmn ad 
generalissima. 

In constituendo autem Axiomate, Fonna iNDUonONis alia 
quam adhuc in nsu fuit, excogitanda est ; et quae non ad Principia 
tantmn (quae vocant) probanda et invenienda, sed etiam ad Axio- 
ms^ minora, et media, denique omnia. 

Bacon, Nov, Org., Aph. civ. cv. 



NOVUM ORGANON RENOVATUM. 



The name Orgaiion waa, applied to the works of 
Aristotle wliich treated of Logic, that is, of tho method 
of establishing and proring knowledge, and of reiiiting 
errour, by means of Syllogisms. Francis Bacon, hold- 
ing that this method was insufficient and fiitile for 
the augmentation of real and useful knowledge, pub- 
lished his JVovujii Orgamm, in which he proposed for 
that purpose methods from which he promised a better 
success. Since his time real and useful knowledge has 
made great progress, and many Sciences have been 
greatly extended or newly constructed; so that even 
if Bacon's method had been the right one, and had 
beea complete as far as the progress of Science uji to 
his time could direct it, there woiild be room for the 
revision and improvement of the methods of arriving 
at scientific knowledge. 

Inasmuch as we have gone through the Histories 
of the principal Sciences, from the earliest up to the 
present time, in a previous work, and have also traced 
the Histonj of Scientific Ideas in another work, it 
may jiethajis be regarded as not too preaumptuous if 
we attempt this revision and improvement of the 
methods by which Sciences must rise and grow. This 
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ui cmr task in the present Tolume; and to mark the 
reference of this undertaking to the work of Bacon, we 
name our book Naoum Orgcmcn Renavatum, 

Baoon has delivered his precepts in Aphorisms, 
some of them stated nakedly, others expanded into 
dissertations. The general results at which we have 
arrived by tracing the history of Scientific Ideas are 
the groundwork of such Precepts as we have to give : 
and I shall therefore begin by summing up these 
results in Aphorisms, referring to the former work 
for the historical proof that these Aphorisms are true. 



NOVUM OEGANON EENOVATUM. 



BOOK I. 



MAN is th£ Interpreter of Nature, Science tlie right 
iniet^relation. (History of Scientific Ideax: Booki. Chap- 



■1-) 



II. 



Thx Senses ploK before im the Characters of the Book 
of Nature ; but tlisie canvei/ no knowledge to ws, till we 
have dUeowred the Alphabet by which they are to be read. 
(Ibid. I. 2.) 

III. 

Xhe Alphabet, by ineam of which ive interpret Pheno- 
mena, eomisli of the Ideas eajisting in our own mtTkb ; for 
theee give to the phenomena that aolierence and significance 
which it not Ml object ofeense. (i. 2.) 

IV. 

The antitheses of Sense and Ideas t» the foundation of 
the Philosophy of Science. No knowledge can exitt without 
the union, no philosophy vnlltout (lie separation, of theee two 
demmti. (i. 2.) 



APHORISMS 



Fact Olid Theory correspond to Seme on the one hand, 
and to Ideas on the other, to/ar at we are conscious of our 
Ideal I but all facta involve ideat unconaciousl; ; and th'as 
the dittinction of Facts and Tlieorics is not lenabte, as that • 
of Sense and Ideas is. (i. 2.) ■ 

VI. ' 

Sefisationa and Ideas in our knowledge are like Mailer 
and Form in bodies. Matter cannot exist without Form, 
nor Form, vHthout Matter: yet the two are altogether dis- 
tinct and opposite. There is no possibiliti/ either of separat- 
ing, or of confounding them. The same is the case vnA^ 
Sensations a/nd Ideas, (l. 2.) 

VII. 

Ideas are not ttaxifformed, but informed Sensations; for', 
ivilhout ideas. 



VIII. 
The Sensations are the Object'iTe 
live part of every act of perception c 
IX. 



the Ideas the Subjeo- 
■ knowledge, (i. 2.) 



General Term* deriote Ideal Conceptions, as a circle) an 
orbit, a roee. These are not Imager of real things, ae was 
held hj) the Realists, but Conceptions ; yet they are eoncep- 
tione, not bound together by mere Name, as the Nominalism 
held, but by an Idea. (i. 2.) I 

X. 

It has b^n said by some, that all Conceptions are merely 
States or feelings of tbe mind, bitt this assertioii only tends 
to confound what it is our business to distinguish, (i. 2.) 



Observed Facts are connected so as to produce new truths, 
by superindueing upon them an Idea: and such truths are 
obtained b J ludnction, (i. 2.) 
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XII. 

Trvtit onee obtained by legitimate Induction are Facts : 
ihete Fatta may be again conneoled, aa <u to produce higher 
truths : and that we advance to Succeaaive Generalisations. 
(■• !.) 

XIII. 
Tnitka obtained b^ Induction are made compact and 
permanent by being expreaied in Technical Terms, (i. 3.) 
XIV. 
Experience cannot conduct m to universal and necessary 
trutla; — -Not to universal, because the has not tried all 
cases : — Not to necessary, because neceaeity is not a matter 
to which experience can testify, (i. S.) 
XV. 
Neceuary tru^ derive their neces^y from, the Ideas 
which they involve ; and the eicietence of neceuary truths 
proves the e^risTence of Ideas not generated by eicperience. 
(I. 6.) 

XVI. 
In Deductive Reasoning, we eanni 
the eonclunon which is not virtitally 
mises. (i. 6.) 

XVII. 
In order to acquire any exact and solid knowledge, the 
student must possess with perfect precision tlie ideas appro- 
priate to that part of knowledge .- and this precision is 
tested by the student's perceiving the aixiomalio eindenee of 
the aiioms belonging to each Fundamental Idea. (i. 6.) 
XVIII. 
The Fundamental Ideas which it is most important to 
13 being the Bases of the Material Sciences, are the 
Ideas of Space, Time {including Number), Cause (includ- 
ing Force and Matter), Outness of Objects, and Media of 
Perception of Secondary Qualities, Polarity (Contrariety), 



have any tratk in 
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Chemkal Composition and Afiinitj, Substance, Likeness 
and Natv/ral Affinity, Means and Ends (wlienee the Notion 
of Organization), Symmetry, and Che Ideas of Vital Powen> 
(I. 8.) 

XIX. 

3Tn Seimees whioh d^md upon t!ie Idcat of Space and 
Number are Pure Sciences, not Inductive Sciences: they do 
not infer speeial Theories from Faett, hut deduce the eon- 
diliom of all theory from Ideas. The Elemeiitarr/ Pun . 
Scieaeee, or Elemenicay Malkematics, are Geometry, The^ i 
retkal Arithmetic aud Algebra, (a, 1.) 

XX. 

3^ Ideas on which the Pure Scienees depend, are thoM , 
of Space and Number ; but Namber is a modification of ' 1 
the concqition of Pepetition, which belongs to the Idea of | 
Time. (c. 1.) 

XXI. 

Ths Idea of Space is not derived from experience, for 
experietux of eternal ofi^eeb presuj^^ioses hodiis to ei^st m 
Space. Space is a condition under which the mind reeeiva 
theimpres^ns of sense, and therefore the relatitrm ofspaot , 
are necessarily and imiverially true of all perceived obj 
Space is a form of our perc^tiens, and regulates lAem, j 
vihatever the matter of them may be. (ii. 2.) 

XXII. 

Space u not a General Notion collected by abstraction 
from particular cases ; for we do not speak of Spaces in 
general bui of universal or absolute Space, Absolute Space 
is infinite. AH ^tecial spaces are in absolute space, and are 
parts of it. (a, 3.) 

XXIII. I 

Space IS not a real object or thing, distinct from the 
objects which exist in it; but it is a real condition of the 
existence of external objects, (c. 3.) 
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xxrv. 

We have an Intaitloa of ob^eeU in space i thai it, xue 
contemplate objeett as made up of spatial parts, and appr&- 
hetid their spatial relatiatu by the tame act by whiek we 
apprehend the objects themtelvei. (a. 3.) 



Form or Figure is space limited by boundariei. Space 
has necessarily three dim^tmoTis, length, breadth, depth; and 
no others which cannot be resolved info these, (n. 3.) 

XXVI. 
rSe Idea of Space is exhibited for scienti/ie purposes, bi/ 
the DeflDitieas and Axioms ofOeotiietryi such, for instance, 
as these: — (Ae Definition of a Hight Angle, anrf of a Circles 
— the Definition of Parallel Lines, qtwI the Axiom con- 
eeraing them ;—the Aiiom tliat two straight lines cannot 
inclose a space. Thae Definitions are necessary, not arbi- 
trary ! and the Axioms are needed as well as Che Definitions, 
in order to express the necessary conditions which the Idea of 
Space imposes, (a. 4.) 

XXVTI. 

The Definitions and Axioms of Elementary Geometry do 
not completely exhibit the Idea of Space. In proceeding 
to the Higher Geomelrt/, vie may introduce other additianai 
and independent Axioms i such as tJtat of Archimedes, that 
a curve line nhicb joins two points is less tbao anj 
broken line joining the same points and including the 
Carre line. (□. 4.) 

XXVIII. 

The perception of a solid object by siglX reqairea that act 
of mind by which, from figure and shade, we infer distance 
and position in space. The perc^lion o/* figure by sight 
requires that act of mind by tvhick we give an outline 
to each object, (ii. 6.) 



XXIX. 
The ptre^lion of Form hy touek if not on ti 
thi ptuiife ienae, but requtret an act of our muiiMlar fro, 
hy which vie become atuare of the position of our oum titn 
The peiveptive faculty involved in thU act Aoi been eal, 
the muscular sense, (u. G.) 

XXX. 

The Idea of Time is not derived from eaperienee, for 
expenenae ofchange» preauppoies occurreneu to take place in 
Time' Time u a condition under vihich the mind reeeivet 
tlie tmpranons of seme, and therefore the rdatiom of timt 
are TUCMsarily and universally true of alt perceived oeeur- m 
rencet. Time ia a form of our pere^liom, avid regulatet I 
them, whatener the matter of them may be. (n, 7.) 

XXXL 

Time is not a General Notion collected by abstraction J 
from particvlar eatea. For we do not speak of particular I 
TImea at examples of time in general, hut as parts of (l\ 
tingle and injinice Time. (ii. 8.) 

xxxn. 

Time, like Space, ii a form, not only of perception, but 
0/ Intuition. We consider the whole of any time as equal 
to ths sura of the parts; and an occurrence as coinciding 
with the portion of lime which it oeeupies. (ll. 8.) 

XXXIII. 

Time t* arudogoua to Space of one dimenaion: porttata I 
of both have a beginning and an end, are long or short. I 
There is nothing in Time which is analogous to Space ofM 
two, or of three, dimensions, aTid thus nothing which corre- T 
sponda to Figure, (n. 8.) 

XXXIV. 

Tlie Rtpetition of a set of occurrences, at, for exampU, I 
strong and vieak, or long and short sounds, according to a 
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ateadf-isl order, prodacet Rhjthm, vikieti u a conception 
peculiar to Time, ai Figure is to Space. (ll. 8.) 

XXXV. 

The limplett form of Repetition is that in. which thtre w 
W varieli/, and llait givm rite to the conception of Number. 
(11.8.) 

XXXVI. 

The simplest numerical truths are seen by Intuition; vilieii 
vie endeavour to deduce the more complex Jrom these Am- 
plest, we employ such maxims as these: — If equals be added 
to equals the wholes are equalr — If equals be subtracted 
from equals the remainders are equal; — The whole is 
equal to the sum of all its parts, (n, 9.) 

XXXVII. 

The Perception of Time involves a constant and latent 
Hnd ofmemori/, which may 6e termed a Sense of Succes- 
Biou. The Perception of Number also involves this Sense of 
Sueeessioti, although in small numb^s we appear to appre- 
hend the units sitmiltaneotiily and not luecessively, (a, 10.) 

XXXVIII. 

The Perception of Bhythm is not an impression on the 
passive sense, but requires an act of tliought by which we 
connect and group the strokes which form the Rhythm. 
(U. 10.) 

XXXIX. 

Intuitive u opposed to Discursire reason. In intttition, 
we obtain our conclusions by dwelling upon one <Mpec( of 
the Jundamental Idea; in discursive reasoning, we combine 
several aspects of the Idea, (that is, several axioms,) and 
reason from the combination, (n. 11.) 

XL. 

Geometrical dedttetion (and deduction in general) ia call~ 
ed Synthesis, because we introduce, at successive steps, the 



remlla nf new principles. But in reasoninff oa tk« relaiio 
of tpaee, vie lomelimes go on eeparating truths into U 
component trufht, and thae into other componait trutkt; i 
MO oni and thi» it geometrical AnaljBU. (u. 11.) 

XLI. 

Among the foundatiom of the Higher MatJiematiei, it ti 
Idea of Symbols contidered at general Signs of Q 
This idea of a Sign is distinct from,, and independent ^ 
other ideas. The Asdom to which vie refer in ri 
meant of Symholt of qwintity w thit: — The inteqiretatioi 
of euch Bjmbols must bo perfectly general. Thit Idea ij 
Axiom are the baaet of Algebra in its most general form 
(u. 12.) 

XLII. 

Among the faundationt of the Higher Mathematict i 
alto the Idea of a Limit. The Idea of a Limit cannot I 
superseded by any other definitioni or Hypothetu. 
Axiom which vie employ in introducing thit Idea into o 
reaioning it this: — What is true up to the Limit is 
at the Limit. Thit Idea and Axiom are the batet of a 
Methods of Limits, Flunont, Differentials, Variaiiont, a 
the like, (n, 12.) 

XLIII. 

There is a pure Science of Motion, vjhich does no\ 
upon observed facts, but vpon the Idea of motiott. 
also be termed Pare Mechaniam, in oppontion to Mechat 
Proper, or blachiaery, whieh involves tlie rmehanicaX c 
ceplUms of force and matter. It has been proposed to « 
this Fttre Science of Motion, Kinematics, (ii. 13.) 

XLIT. 
The pure Mathmiatkal Sciences must be eueeessjvllt/ a 
tivaCed, in order that the progress of the principal Inducth 
Sciences may take place. This appears in tJie ca 
nomy, in which Science, botk in ancient and in mod 
timet, each advance of Ae theory hat defended upon il 
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vious aoliitwn of problma in pure malkematiei. It appeart 
also inversely/ in the Science of tlu Tides, in which, at pre- 
sent, we cannot advance in the theory, because we canTiot 
solve the requUile problems in the Integral Caleuliis. (ii. 14.) 

XLT. 

The Idea of Cause, modified into the conception* of me- 
chanical catae, or Force, and re&isitmce to force, or Matter, 
is the foundation of the Mechanical Seieneei; that is, Me- 
eltanics, {including Statics and Di/namias,) Mydroitalies, 
(Old Pkyaical Astronomy, (in. I.) 

XLVI. 

The Idea of Cause is not derived from experit^ee; for in 
judging of oecarrences which we contemplate, vie consider 
them as being, univeraally and neaessarilt/, Causes ant2 Ef- 
fects, which afnite experience could not authoriie us to do. 
The Axiom, that every event muct have a caute, is trtte in- 
dependently of experience, and beyond the limits of experi- 
ence, (ni. 2.) 

XLVII. 

The Idea of Cause is expressed for purposes of science by 
these three Axioms: — Every Eyent must have a Cause: — 
Oausea are measured by tbeir Effects: — Reactiou is equal 
and opposite to Action, (lu. 4.) 

XLVIII, 

Tlie Conceptimt of Force involves the Idea of Cause, as 
applied to the motion and rest of bodies. The conception of 
force is suggested by muscular action exerted: the eonceptitm 
of matter arises from miMou/ar action resisted. We neces- 
sarily ascribe to ait bodies solidity and inertia, since vie 
conceive Matter as that which cannof he compressed or moved 
vAtlwut reliance, (in. 5.) 

XLIX. 

Mechanical Seieaee depends on the Coneeptiim of Force; 
and is divided into Statica, the doctrine of Force preventing 



motion, and Djnamici 
motion. (lu. 6.) 



the doctrine of Force producing I 



27*6 Science of Statics tlepewb upon the Axiom, that Ac- 
tion and Reaction arc equal, vikich in Statics assumes thii 
farm! — When two equal weights are supported on the 
middle point between them, the pressure on the fulcrum 
is equal to the sum of the weights, (in. 6.) 



LI. 

The Science of Hydrostatics depends upon the Fimdami 
tal Principle that fluids press equally in alt direction*. I 
37iM principle ntcetaarily remits from the eoneepfion o/'^J 
Fluid, at a body of -which the parts are perfectly mownUtf 
in all direetioTK, For since the Flnid is a i 
trattsmit pressure ; and tite transmitted pressure is eqv/U lo I 
the original pressure, in virtue of the Axiom that ReaotioH I 
u equal to Action. That the Fundamental FrincipU is not\ 
derived from experience, is plain both from its evidence onetf 
Jrom its history, (rn, G.) 

Lll. 

The Science of Dynamics depends upon the three Amxonu I 
above stated respecting Cause. Tlie First Axiom,— 
change must have a Cause, — gives rise to the First Law Oj 
Motion, — that a body not acted upon by a force will n 
with a uniform Telocity in. a straight lino. Tlie Secon 
Aantmi, — tliat Causes are measured by Ikeir Effects,— 
rise to the Second Law of Motion, — that when a force & 
upon a body in motioD, the effect of the force is compel 
pounded with the previously existing motion. The TAira 
Amom, — that Reaction is equal and opposite to Action,— ifl 
gives rise to the Third Law of Motion, uihieh is expratei 1 
in the same terms as the Aidoyn! Action and Eeaction I 
being widerstood io signify momentum gained and lost. | 
0.1. 7.) 
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LIU. 

The above Lawi of Motion, hislorieally ipeaking, vxre 
established hy meant of experiment! bu( skKe they lunie hetn 
diseovared and redaeed to their simplest/orm, ihey have been 
considered by many philosophere ae self-evident. This result 
is principally due to the introduetion and establishment of 
terms and definitions, which enable as to express the Laws in 
a very simple manner, (iir. 7.) 

LIT. 

In the establishment of the Laws of Motion, it happened, 
in several instances, that Principles were assumed as self- 
evident which do not now appear evident, but which have 
since been demonstrated from the simplest and most evident 
prindpla. Thus it was assumed that a, perpetunl motion 
is impossible; — that tbo velocities of bodies acquired by 
falling down planes or enrvBB of tto same Tertical height 
are equal; — that the actual descent of the center of gra- 
vity is equal to its potential ascent. But we are not hence 
to suppose thai these assumptions viere m.ade without ground: 
for since ihey really follow from the laws of motion, they 
were probably, «i the minds of the discoverers, the results of 
undeveloped demonstrations which their sagacity led them to 
diviM. (ni. 7.) 

LV, 
'.hat Experience should lead us to fnUlis 
i apparently necessary, such as the 
The Solution of this paradox is. 
Interpretations of the Amoms of Causa- 
niverialli/ and necessarily true, but 
of the terms which they involve, is 
'ir Idea of Cause supplies the Form, 
iter, of these Laws, (ui, 8.) 

LVI. 



It is a Paradox 
confessedly universa 
Laws of Motion c 
that these laws are 
lion. The cun'onu i 
the right interpretat 
leamt by ■ 
Experience, tlie Mat 



Primary Qualities of Bodies are those which we et 
tive as directly peredwd; Secondary QualiCiea at 



(IV. I.) 



We necessarili/ perceive bodies a> without ki; ike Idea a 
Externality is one o/t!ie coTiditions of perception, (rr. 1.) J 

LVIII. 

We weesiarUy asswne a Medium far the perveptiona a 
Light, Cohur, Sound, Heat, Odours, Tastea; and thit 2 
diam must convey imprtMiota by meant of its meehanie» 
attributes, (iy. 1.) 

LIX. 

Secondary Qualiiies are twt extended hut intensira 
their effeett are not augmented by addition of parts, bat b, 
increased operation of the medium. Hence they o 
measured directly, but by hcbJcb; not by unite, but by d 
grees. (rv. 4.) 

LX. 

In the Sealea of Secondary Qualities, it is a conditi 
(in order that the scale may be complete,) that every ei 
of the quality must either agree uiith one of the degrees ^ 
tlie Scale, or lie beliveen tivo contiguous degrees, (iv. 4.) 1 



LXI. 
IE of a medium and bj means g 

c but we do not (by our senses) p 
or the impressions on the nervef,^ 



We pereeiite by mee 
impressions on the nervt 
eeive either the mediuir, 

(IV. 1.) 



LXII. 



The Prerogatiyes of the Sight are, that by this t 
neeessarily and immediately apprehend the position of ti 
oiyects! and that from visible eireumstaTiees, vje infer t~ 
distaace of objects from, us, so readily that we seem 
ceive and not to infer, (iv. 2.) 
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LXIII. 

The Prerogatirea of the Hearing ore, thai bj/ this seme 
we peroeive reiatiotu perfectly precise and definite between 
two notei, nameb/, MuEical Intervals (tu an Octave, a 
Fifth); and that when two notea are perceived together, they 
are apprehended as distinct, (a Chord,) and at having a 
e&^tain relation, (Concord or Discord.) (it. 2.) 

Lxrv. 

The Sight cannot decompose a compound colour into 
simple colours, or distinguish a compound froin a simple 
colour. 2'ke Hearing cannot directly perceive the place, still 
less tlie distance, ojits objects: we infer these obscurely and 
vaguely from audible circumstances, (rv. 2.) 

LXV. 

The First Paradoi of Vision ii, that we see objects up- 
right, though the images on tJie retina are inverted. The 



solution is, that u 
we only a. 



>e do not see the image on the retina at all, 
,ofit. (iy.2.) 

The Second Paradox of Viaioc 
single, though there are two images o 



', that t 



1 olyects 
It the retinas, one in 
each e^e. The explanation is, that it is a Law of Vision 
that we see (small or distant) objects mngle, when their images 
fall on corresponding points of the two retinas, (iv. 2.) 

LXVIL 

The law of single vision for near objects is this: — When 



tin two images 
nearly but not i 
it apprelieniied 
as would 



situated, part for part, 

\tly, vpon eorrespondiny points, the object 

tingle and solid if the two objects are such 

produced by a single solid object seen by the eyes 

{it. 2,) 

LXTIIL 

The ultimcrie object of each of the Secondary Mechanical 

Sciences is, to determine the nature and laws of the processes 



bi/ which the imprestion of Ihe Secondary Quality trealed of 
u eonvet/ed: but btfore we discover the cause, it may be 
ntcestary to determine the laws of ihe phenomena; and for 
thit purpose a Measure or Scale of each gvaliti/ is necewary. 
(iv. 4.) 

LXIX. 

Secondary quaXitlei are fMomred by means of such effetti J 
as can be eetimattd in number or space, (iv, 4.) 



The Measure of Sounds, tu high or low, ie the Muaioa 
Scale, or Harmooic Canon, (it. 4.) 

LXXI. 

The Measures of Pure Colours are the Prismatic Scalej 
ili« same, including Frauuhofer's Lines ; and Newton's 
Scale of Coltmrs. The principal Scales of Impure Cotoun.i 
are Werner's Nomenclature of Colours, and Merimetfa-J 
Nomenclature of Colou/rs. (rv. 4.) 

LXXII. 

The Idea of Polarity involves the conception, of contrary ' 
properlnes in contrary directions: — the properties being, for 
example, attraction and r^ulsion, darkness and Ugla, syn- 
thesis and analysis; and the contrary direetioru being thorn 
which are directly opposite, or, in tome eases, those which or* 
at right angles, (v, 1.) 

LXXIII. (Doubtful.) 
Coe^astent polarities are fundamentally identical, (v. 2.) 

LXXIV. 
The Idea of Chemical Affinity, as implied in Elementary 
Composilion, involves peculiar conceptions. It is not property 
expressed by assuming the qualities of bodies to reseiabie 
those of the elements, or to depend on the figure of the ele- 
ments, or on their attractions, (vi. 1.) 
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Attraetions take place belween bodiet. Affinities between 
live parcicks of a body. Tkt former may be compared to the 
allianeei ofttales, the tatter to the tiet of family, (vi. 2.) 

LXXVI. 

The govemiitff principle) of Chemical Affinity are, that it 
is electire; that it ia defitiiCe; that it determineE tho pro- 
perties of the compmmd: and that analysis is possible. 

(VI. 2.) 

LXXVII. 

We have an idea of Substance ; and an oriom involved 
in this Idea is, that the weight of a bodj ia the sum of tho 
weights of all its elements, (vi. 3.) 

Lxxviri. 

Hence Imponderable Fluids are not to be admitted as 
cliemieal elemenle. (yi, 4.) 

The Doctrine of Atoms it admissible as a mode ofea;press- 
ing and calculating laws of nature; but is not proved by any 
fact, chemiacd or physical, aa a philosophical truth, (vi. 6.) 

LXXX. 

We have an Idea o/Syuimetry; and an ateiom involved 
in this Idea is, that in a symmetrical natural body, if there 
be a tendency to modify any member in any m<mner, tliere is 
a tendency to modify all the corresponding numbers in the 
same manner, (vil 1.) 

LXXXI. 

All hypotheses respecting the manner in which the elements 
of inorganic bodies are arranged in space, must be etrn- 
strxtcted mCh regard to the general faets of crystallisation. 

(T,l. 3.) 



LXXXIL 

irAeii wi cojistder any object as One, vie give tiniCy 
by att act ofthimghu The donditton vMeh determinei what ^ 
thU unit!/ ihall include, attd what it shall exclude, u thU f 
— that aiaertions concerning the one thing shall lie possible, i 
(Viil. I.) 

LXXXIII. 

We collect individuals iatu Kinds 5y applying to theat 1 
tite Idea qfLikeneat. Kinds of things are not delermineiM 
by definitiom, but by this condition .• — that general assBrtiontM 
concerning swh kinds of things shall be possible, (nn. 1.) r 

Lxxxrv. 

The Names of kiiids of things are governed by their uurm 
and that mat/ be a right name in one use which is not si 
another. 4 whale is not a fiah in natural history, but if if 1 
« fisli in commerce and lavi. (vin. 1.) 

LXXSV. 

We take for granted that each kind of things has a speeuU 1 
character which may be expressed by a Definition. Tft* 
ground of our tusumption is this; — that reasonivig mast bf 
possible. (Tin. 1.) 

LXXXVI. 

The "Five Words," Genua, Species, Difference, Pro- 
perty, Accident, tvere used by the Arieloteliani, in order to 
eicpreas the subordination of Kijids, and to describe the nature 
of Definitions and Propositions. In modern times, theia 
technical esipressions have been more referred to by Natural I 
Ilislorians than by Metaphysicians, (viu. 1.) 

LXXXVII. 

T/ie eonstraction of a Claaaifieatory Science includes 
Terminology, the formation of a descriptive language; — 
Diataxis, the Plan of the System of Classification, called 



The DiataxiB, or Flan of the St/stem, may t 
Natural or at an Artificial System. But n- -'"-- 
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also the Sjstematick; — Diagnoaia, the Selteme of the Cha- 
raeUri by tvhxch the different Classes are known, called alto 
the Characteristick. Fhyuograph; it the inowledge which 
the Syitan it employed to convey. Diaiaa^ includes Nomen- 
ulature. (vni, 2.) 

LXSXTIII. 
Terminology must be conventional, precise, constant; 
copious in words, artd miitute in distinetiotts, according to 
Ike needs of the seimt^. The student must understand the 
lerTns, directly aeeording to the convention, not through the 
medium, of explanation or comparison, (vui. 2.) 

UCXXIX. 

Plan of the S, 

». „. „, V... ^.. ii/Jei'a! S^aiflin. ^^. ..., — , — 

ahioluteh/ artificial, for if th^ were, no assertions 
made concerning them. (vin. 2.) 

XC. 
An Artificial Syetora w one in which the Btnaller groups 
(the Qenera) are natural ; and in which the wider divisums 
(Classes, Orders) are eanalructed by the pererapt«rj appli- 
cation of selected Cliaraclers; (selected, however, so as nut to 
break up the smaller groups.) (yin. 2.) 

XCI. 
A Natural Sjatuia is one which attempts to make all the 
divisiotis natural, the viidest as well as the narroii-est; and 
ilierefore applies no cltaracters peremptorily, {vm. 2.) 

XCII. 
Natural Groups are best described, not 6j/ any Definition 
which marks their boundaries, but by a Type which marts 
their center. The Type of any natural group is an example 
which possesses in a marked degree all the leading eharaeters 
oftheclass. (rai. 2.) 



APHOKISHS 



xcnL 



A Natural Group ig sUadil^ fixtd, though not f 
limited; it u ffivtn inpoaition, though not eireumacribed ; 
M determined, not ty a boundary without, but b 
poitU luitkin; — not by what it strictly exelvdea, but by v 
it eminmtly includes ; — by a Type, not by a De^nitum,\ 
(Tin. 2.) 

XCIT. 

The preiialenee of Malhematies at an tlanmtt of «fuea- \ 
t!on hai made ua think Definition the pMlosophieal moda 
of fitting the miming of a word: if {Scieniific) Natural 1 
History were introduced into edaaation, men might 5n»iM | 
familiar with the fixation of the signification of tforda bg 
Types ; and this proeees agrees more nearly with the earn- J 
mon processes by which vjorda acqtiire thfir significations, i 

(YIU. 2.) I 

XCV. I 

Zfe attempts at Natural Classificntion are of three eorti ; 
aeeording as they are made by the process of blind trial, of 
general comparisDO, or of Bubordination of charactera- 
Tke process of Blind Trial professes to make its classes by 
attention to all the characters, but wiihovt proceeding meAo- 
dically. The process of General Comparison professes to 
enumerate all the characters, and forms its classes by th» 
rnajority. NeitJier of these methods can really be carried 
into effect. The method of Subordination of Characters 
considers some characters as more important (Salt others; 
and this method gives more eonsistenl rerults than the others. 
This method, however, does tiot depend upon the Idea of 
Likeness only, but introduces the Idea of Organization or 
Function. (Tm. 2.) 

XCVL 
A Species it a collection of individuals which are df 
sefnded from a common stock, or which resemble such i 
eolleetion as maeh as these resemble each otjier: the resem- 
blanee being opposed to a definite difference, (viii. 2.) 



i 
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XCVIL 

A Genus is a eoHeetion oftpecia which reiemhU each 
other more than they resemhU other tpetiea : the roemblance 
Imng opposed ta a definite diference. (tiii. 2.) 

XCVIII. 

The Nomenclotiire of a CloMtfieatory Science is (Se eol- 
leetion of the names of the Speciet, Oenera, and other di\}i~ 
sions. The biacir; nomentlatiire, tvhiek denotee a tpeeiei bt/ 
tite generic and Bpecific name, ia now eommonlj/ adopted in 
Natural History, (vni. 2.) 

XCIX. 

The Diagnosia, or Scheme of the Characters, eotnei, in 
the order of philosophy, after tlie Clasaifieation. The eha- 
ractere do not make the classes, they only eiuible us to recog- 
nize them. Tlie Diagnosis is an Artifeial Key to a Natural 
System, (vm. 2.) 

C. 

The basis of all Natural Systems of Classification is the 
Idea of Natural Acuity. The Principle which this Idea 
involves is this : — Natural arrangements, obtained from 
different sets of characters, must coincido with each other. 

CI. 

In order to obtain a Science of Biology, we must analyse 
the Idea of Life. It has been proved by the biological specu- 
lations of past time, that Organic Life cannot rightly be 
solved into Methanieal or Chemical Forces, or the operation 
of a Vital Fluid, or of a Soul. (11. 2.) 

CII. 

Life u a Systun of Vital Forces ; and the eoneeplian of 
such Forces involves a peculiar Fundamental Idea. (ix. 3.) 



cm. 

Meehanieal, ehemieal, and ntfd Forett/orm an tuceniSng 

progrtititm, each inelvding the pneeding. Chemical AJinUy 
inehida in its nature Meahameal Force, and may often be 
firaclicalli/ reiolved into Meohantcal Force, (Thtu Oie ingrtr 
dienlt of gunpowder, UberaUd from ihdr chemical union, 
exert great meehanieal Force: a galvanic boftery acting b>f 
chemical proeets dote the like.) Vital Forces include in 
ihxir nature both chemical A^nitia a/nd msclianical i 
for Vital Powers produce both chemical changes, (oj 
rion,) and morioiw which imply coraidercMe mechaniei 
force, (<M the motion of the sap and of the blood.) (ii 



the 



CIV. 
In Toluntarj motioni, Sensatioi 



I produce Actions, and 1 
of Ideas: in reflected f 
u made iy I 



r made by 
motioni, the amnan'on neither seems 
means of Ideas i in instinctire motions, tfie 
snck as requires Ideas, but we cannot belietie the Ideas to 
exist, (u. s.) 

CV. 
The Assumption of a Finoi Cause in the ati-ucfur« of each j 
part of animals and plants is as inevitable as the assumption [ 
of an Extent Cause for every event. The « 
organized bodies nothing ie in rain, is as necessarily trjie as j 
the maxim that nothing happens by chance, (ix. 0.) 

CVI. 

The Idea of living beings as subject to diaeaBe includes a 

recognition of a Final Cause in organisation ; for disease tM I 

a state in which the vitai forces do not attain their proper 

ends. (ix. 7.) 

CVII. 

The Fal/etiologieal Sciences depend upon the Idea of I 
Cause! but the leading eoneeption which they involve is that \ 
u/historical cause, wjt mechanical cause, (x. I.) 
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CVIII. 

Each Palreliologieal Sdsnee, when complete, mial possess 
three members: tlie Phenomeiiology, the iEtiologfj and the 
Theory, (s. 2.) 

CIX. 
There are, t» the Palcetiological Scienees, Itao antagonist 
doctraies r Catastrophes and UQiforcnitj. The doctrine 
of a uniform course of nature is tenable onli/ lahen ive 
extend the notion of Uniformity to far ihat it shall in- 
clude Catastrophes, (i, 3.) 

ex. 

The CatailrophisC eonslruela Theories, the Uniformitarian 
demoliihea them. The former adduces evidence of an Origin, 
the latter explains the evidence avjay. The Caiastrophist's 
dogmatism, is undermined Ay the Uniformitarian'a skeptical 
hypotheses. But ivhen these hypotheses are asserted dogma- 
tically, they cease to be eonsitlent with the doctrine of Uni- 
formity, fi. 3.) 

CXI. 

In each of the Paleetiological Sciences, vie can ascend to 
remote periods by a chain of causes, but in none c<in we 
ascend to a beginning of the chain, (x. 3.) 

CXII. 

Since tlie Palailiological sciencei deal vAth the conceptions 
of historical cause, Hiatery, inelttdiny Tradition, is an im- 
portant source of materials for tuch sciences, (i. 4.) 

CXIII. 
The history and tradition tuhich present to us the provi- 
dential course of tite world form a Sacred NarratiTe ; and 
in reconciling the Sacred Narrative with the results of sci- 
; arite inemtahU dijgicultia which dUturb the minds of 
those who reverence the Sacred Narrative, (x. 4.) 
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cxrv. 

T^ duhtrbanee qfrevermt niiiuZg, ari^ng from taenUfio 
views, eiata vihen tuck viewi bteome familiar, the Saend 
Karratice beiny then interpreted anew) in atxordaiKe vnik 
fitcA views, (i. 4.) 

cxv. 

A wan interpretation of the Saored Ifarralivt, made Jbr ' 
the purpose ofrwonsiling U vnth doelritus of tcience, ihoald 
not be insisted on till such doctrinet an clearli/ proved; and 
vihen tliey are so proved, thould be frankly aecepttd, i 
eonfidenee that a reverence for the Sacred Narrative m 
sislmt Wirt a revereneefor the TnOh. (x. 4.) 



CXVI. 

In contemplating the series of eauset and effects luAteA 
canititates the world, we necaiarihf asfume a First Catue I 
of the whole series, (x. 5.) 

CXVTL 

The Falmtiologieal SeJeneei point backwards with Htub 
which are broken, but whieh all converge to the same imnsStle 
point: and this point it the Origin of the Moral and 
Spiritual, as well as of the Natural World, (x. 5.) 



NOVUM ORGANON RENOVATUM. 



BOOK II 

! CONSTRUCTION OF SCIENCE. 



THE two procenea by wJaeh Science ii ctmatrucud are 
tlie Eiplication of Conceptions) and the Colligation of 
Facts. 

TO the subject of the present and next Book all that 
lias preceded is subordinate and preparatory. In 
former works we have treated of the History of Scientific 
Discoveries and of the History of Scientific Ideas. Wa 
have now to attempt to describe the manner in which 
discoveriea are made, and in which Ideas gire rise to 
knowledga It has already been stated that Knowledge 
requires us to possess both Tacts ajid Ideas; — that 
every step in onr knowledge consists in applying the 
Ideas and Conceptions furnished by our minds to the 
Fa«ta which obseiTation and experiment offer to us. 
When our Conceptions are clear and distinct, when onr 
Facts are certain and sufficiently nunieroua, and when 
the Conceptions, being suited to the nature of the 
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Facts, are applied to them so aa to produce an exaot^ 
and muveraal accordance, we attain knowledge of a ' 
precise and comprehensive kind, which we may term 
Seiesriice. And we apply this term to our knowledge 
still more decidedly when. Facts being thu8 included 
in exact and general Propositions, such Propositions 
are, in the same manner, included with equal rigoni" 
in Propositions of a higher degree of Generality; and 
these again in others of a still wider nature, so as tti 
form a large and systematic whole. 

Bat aft^ thus stating, in a general way, the nature 
of science, and the elements of which it consists, we 
have been examining with a more close and extensive 
BCrutinr, some of those elements; and we must now 
return to our main subject, and apply to it the results 
of our long investigation. We have been exploring 
the realm of Ideas; we have been passing in review 
the difficulties in which the workings of our own minds 
involve us when we would make our conceptions con- 
sistent with themselves ; and we have endeavoured to 
get a, sight of the true solutions of these difficulties. 
We have now to inquire how the results of these long 
and laborious effiarts of thought find their due place in 
the formation of our Knowledge. What do we gain 
by these attempts to make our notions distinct and 
consistent; and in what manner is the gain of which 
we thus become possessed, carried to the general trea- 
sure-honae of our permanent and indestructible know- 
ledge! Ailer all this battling in the world of ideas, 
all this struggling with the shadowy and changing 
forma of intellectual perplexity, how do we secure to 
ourselves the fruits of our warfare, and assure ourselves 
that we have really pushed forwards the frontier of 
the empire of Science! It is by such an appropria- 
tion, tbkt the task which we have had in our hands 
during the two previous works, (the History of the 
Induetive Sciences and the History o/ScientiJic Ideas,) 
must acquire its real value and tnie place in our design. 

In order to do this, we must reconsider, in a more 
definite and jjrecise shape, the doctrine which has 
akeady been laid down; — ^that our Knowledge consists 



TWO PROOESSES, ETC. 



29 



in applying Ideas to Facta ; and that the conditions of 
real knowledge are that the ideas be diatinct and ap- 
propriate, and exactly applied, to clear and certain 
facta. The steps by which our knowledge is advanced 
are those by which one or the other of these two pro- 
cesses is rendered niore complete; — -by which Concep- 
tions are made more clear in themselvea, or by which 
the Conceptions more strictly bind toffelher t/ie Facte. 
These two proceesea may be considered aa together con- 
stituting the whole fonnatioo of our knowledge; and 
the principles which have been established in the His- 
tory of Scientific Ideas bear principaUy upon the formei" 
ofthese two operations; — upon the business of elevating 
our oonceptiona to the highest possible point of pre- 
cision and generahty. But these two portions of the 
progress of knowledge are bo clearly connected with 
each other, that we shall deal with them in immediate 
Eucceaaion. And having now to consider these opera- 
tions in a more exact and formal manner than it was 
before possible to do, wo shall designate them by cer- 
tain constant and technical phrases. We shall speak 
of the two processes by which we arrive at science, aa 
the Eiylieaiion of Cimc^tions and the C'oUigation of 
Facta : we shall sliow how the discussions in which we 
have been engaged have been necessary in order to 
promote the former of these offices; and we shall 
endeavour to point out modes, maxims, and principles 
by which the second of the two tasks may also be fur- 
thered. 



CHAPTER ir. 
■ Explication of Conceptions. 



Aphorism II. 
Th£ Explication of Conceptioni, o* reqtiaiufor 
great of ecience, ha been ejected 5y mecma of diacussions and 
tontrova-iia among acientiita; often iy debates concerning 
definitioju ; thett eontroveniet iaiw frequently led to the 
establishment of a Definition; (uf ahttg uiith the Definition, 
a torresponding Proposition has always been expressed or 
implied. The essential requisite for the advance of science 
it the eleameii of the Conception, not the estaiilishmeni of a 
Definition. The construction of an exact Definition is ofien 
very diffiealt. The requieile conditions of clear Conceptions 
may often be expressed by Axioms as well as by Definitions. 

Afhobism III, I 

Conceptions, for purposes of science, must be appropriate 
as u-sU as clear : that is, they must be modifications of that 
Fundamental Idea, by which the phenomena can really be 
terpreted. This mamm may warn us from errour, though 
it may not lead to discovery. Discovery depends upon tht 
previous cultivation or natural clearness of the appropriatf 
Idea, and th^efore no discovery ia the work of accident. 

Sect. I. — Historical Progress of tlie Hccplication (jf 



WE have given the appellation of Ideas to cer- 
tain comprehenaive forma of thoTiglit,- 



I 



space, Tmmiier, coMse, com/position, resemblance, — which 
we apply to the phenomena which we contemplate. 
But the special modiHcutious of these ideas which are 
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exemplified in particular facta, we have termed C'on- 
ceptiffiiB; as a circle, a sgyare number, an accelerating 
force, a neutral eombitiation of elemente, a genua. 
Such Conceptions involve in themaalvea certain neces- 
Bary and universal relations derived from the Ideas 
jnat enumerated; and theae relations are an indispen- 
sable portion of the texture of our knoirledge. But to 
determine the contents and limits of this portion of 
our knowledge, requires an examination of the Ideas 
and Conceptions from which it proceeds. The Con- 
ceptions must be, as it were, carefully unfolded, so as 
to bring into clear view the elements of truth with 
which they ore marked from their ideal origin. This 
is one of the prooeaaea by which our knowledge is ex- 
tended and made more exact; and this I shall describe 
8S the Explieation of Conc^tiona. 

In the several Books of the Hiatory of Ideas we 
have discussed a great many of the Fundamental Ideas 
of the most important existing sciences. We have, in 
those Books, abundant exemplllicationa of the proceaa 
now under onr coosideration. "We ahall here add a 
few general remarka, suggested by the survey which 
we have thus made. 

2. Such discussions s& those in which we have been 
engaged concerning onr fundamental Ideas, have been 
the course by which,, historically speaking, those Con- 
ceptions which the existing sciences involve have been 
rendered so clear as to be fit elements of exact know- 
ledge. Thus, the disputes concerning the various kinds 
and measures of Force were an imporiant part of the 
progreaa of the science of Mechanics, The struggles by 
which philosophers attained a right general conception 
of plane, of circular, of elliptical I'olari^aiion, were 
some of the most difficult steps in the modem discove- 
ries of Optica. A Conception of the Atomic Conatitu- 
tUm of bodies, auch aa fhull include what we know, 
and assume nothing mor^ ia even now a matter of 
conflict among Chemists. The debates by which, in 
recent times, the Conceptions of Species and Genera 
have been rendered more exact, have improved the 
science of Botany : the imperfection of the science of 
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Mineralogy arises in a, great measure from tie ciFcnm' 
stance, that in that subject, the Conception of a Species 
is not yet fixed. In Physiology, what a vaat adrance 
would that philosopher make, who should establish 
precise, tenable, and consistent Conception oi Life! 

Thus discussions and speculations concerning the 
import of very abstract and general terms and notionjij 
may be, and in reality have been, iax from uaelesa and 
barren. Such diaeussions arose from the desire of men. 
to impress their opinions on others, but they had the 
effect of making the opinions much more clear and dis- 
tinct. In trying to make others understand them, they 
learnt to understand themselves. Their speculatiooa 
were b^m ia twilight, and ended in the full brilliance 
of day. It was not easily and at once, without expen- 
diture of labour or time, that men arrived at those 
notions which now form the elements of our know- 
ledge; on the contrary, we have, in the history of 
science, seen how hard, discoverers, and the forerunners 
of discoverers, have had to struggle with the indistinct- 
ness and obscurity of the intellect, before they could 
advance to the critical point at which truth became 
cleai'ly visible. And so long as, in this advance, some 
speculators were more forward than others, there was 
a natural and inevitable ground of difference of opi- 
nion, of argumentation, of wrangling. But the ten- 
dency of all such controversy is to diffuse truth and to 
dispel errour. Truth is consistent, and can bear the 
tug of war; Errour ia incoherent, and faUs to pieces 
in the struggle. True Conceptions can endure the 
sun, and become clearer as a fuller light is obtained; 
confiised and inconsistent notions vanish lite visionary 
spectres at the break of a brighter day. And thus 
all the controversiea concerning such Conceptions as 
science involves, have ever ended in the establishment 
of the side on which the truth was found. 

3. Indeed, so complete has been the victory of 
truth in most of these instances, that at present we 
can hardly imagine the struggle to have been neces- 
sary. The very essence of these triumphs is that they 
lead UB to regard the views we reject as not only fels^ 
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but inconceivaljle. And hence we are led rather to 
look back upon the vanquiahed with contemjit than 
upon the victora with gratitude. We now despise those 
who, in the Oopemican controversy, could not conceive 
the appai'ont motion of the Bun on the heliocentric 
hypotiiMiB; — ur those who, in opposition to Galileo, 
thoaght that a imiform force might be that which 
generated a velocity proportional to the space; — or 
those who held there was something absurd in New- 
ton's doctrine of the different reirangihility of differ- 
ently coloured rays; — or those who imagineii that 
when elements combine, their sensible qualities must 
be manifeat in the compound ;^-or those who were 
reluctant to give up the distinction of vegetables into 
herbs, shrubs, and trees. We oannot help thinking that 
men must have been singularly dull of comprehenaion, 
to find a difficulty in admitting what is to us 8o plain 
and simple. We have a latent persuasion that we in 
their place should have been wiser and more clear- 
eighted ; — that we should have taken the right side, 
and given our assent at once to the truth. 

4. Yet ia reality, such a persuasion is a mere delu- 
sion. The persona who, in such instances as the above, 
were on the losing side, were very far, in moat cases, 
from being persons more prejudiced, or stupid, or nar- 
row-minded, than the greater part of mankind now 
are; and the cause for which they fought was far 
ficm being a manifestly bad one, till it had been so 
decided by the result of the war. It is the peculiar 
character of scientific contests, that what is only an 
epigram, with regard to other warfare is a trutti in 
this J — They who are defeated are really iu the wrong. 
But they may, nevertheless, be men of great subtilty, 
sagacity, and genius; and we nourish a very foolish 
self-complacency when we suppose that we are their 
superiors, That this is so, is proved by recollecting 
tl^t many of those who have made very great disco- 
veries have laboured imder the imperfection of thought 
which was the obstacle to the next step in knowledge. 
Though Kepler detected with great acuteness the 
Numerical Lawa of the solar system, he laboured in 



I very simplest of the Laws of 
Motion by which the paths of the planets are governed. 
Though Priestley made some important steps in chemis- 
try, he could not bring his mind to Bdmit the doctrine 
of a general Principle of Oxidation. How many in- 
genious men in the last century rejected the New- 
tonian Attraction as an impossible chimera! How 
many morci, equally intelligent, have, in the same man- 
ner, in our own time, rejected, I do not now mean as 
falae, bnt as inconceivable, the doctrine of Luminife- 
rouB Undnlations ! To err in this way is the lot, not 
only of men in general, but of men of groat endow- 
ments, and very sincere love of truth. 

g. And those who liberate themselves from such 
perplexities, and who thus go on in advance of their 
age in such matters, owe their superiority in no Email 
degree to such discussions and controversies as those 
to which wa now refer. In such controversies, the 
Conceptions in question are turned in all directions, 
examined on all sides; the strength and the weakness 
of the maxims which men apply to them are fully test- 
ed ; the light of the brightest minds is diflused to other 
minds. Inconsistency is unfolded into self-contradic- 
tion ; axioms are built up into a system of necessary 
truths ; and ready exem.plifioationa are accumulated of 
that which is to be proved or disproved, concerning 
the ideas which are the basis of the controversy. 

The History of Mechanics from the time of Kepler 
to that of Lagrange, is perhaps tho best exemplifica- 
tion of the mode in wliich the progress of a science 
depends upon such disputes and speculations as give 
clearness and generality to ite elementary conceptions. 
This, it is to be recollected, is the kind of progress of 
which wo are now speaking; and this is the principal 
feature in the portion of scientific history which we 
Lave mentioned. For almost all that was to be done 
by reference to observation, was executed by Galileo 
and his disciples. What remained was the task of 
generalization and simplification. And this was pro- 
moted in no small degi-ee by the various controversies 
which took place within that period concerning me- 
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chanical concep 
concerning the n 
the war of the Vii Viva; — the controversy of the Cen- 
ter of Oacillation; — of the inde]>endeac6 of Statics and 
Dynamics; — of the priaciple of Least Action j — of the 
evidence of the Laws of Motion; — and of the number 
of Lawa really distinct. None of these discussions was 
without its iiiHuence in giving generality and clearness 
to the mechanical ideas of mathematicians: and there- 
fore, though remote from general apprehension, and 
dealing with very abstract notions, they were of emi- 
nent use in the perfecting the science of Mechanics. 
Similai' controversies concerning fundamental notions, 
those, for example, which Galileo himself had to main- 
tain, were no less useful in the formation of the science 
of Hydrostatics. And the like struggles and conflicts, 
whether they take the form of controversies between 
several persons, or only operate in the efforts and fluc- 
tuations of the discoverers mind, are always requisite, 
before the conceptions acquire that clearness which 
makes them fit to appear in the enunciation of scien- 
tific truth. This, then, was one object of the History 
of Ideas ; — to bring under the reader's notice the main 
elements of the controversies which have thus had so 
important a share in the formation of the existing 
body of science, and the decisions on the controverted 
points to which the mature examination of the subject 
has led; and thus to give an abundant eshibition of 
that step which we term the Explication of Conceptions. 

Sect. II. — Use of DefinUums. 

6. The result of such controversies as we have 
been speaking of, often appears to be summed up in a 
Definition; and the controversy itself has often as- 
sumed the form of a battle of definitions. For ex- 
ample, the inquiry concerning the Laws of Falling 
Bodies led to the question whether the proper Defi- 
nition of a unifoTW, force is, that it generates a velocity 
proportional to the apace from rest, or to the time. 
The controversy of tie Vis Viva was, what was the 
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proper Definition of the measure offortx. A principal 
queation in the classification of minerals is, irhat ia 
the Deiinition of a mineral species. Physiologists have 
endeavoured to throw light on their subject, by De- 
fining organisation, or some similar term. 

7. It ia very important for «a to observe, that 
these controversies have never been questions of insu- 
lated and arbitrary Definitions, as men seem often 
tempted to suppose them to have been. In all cases 
there ia a tacit assumption of some Proposition which 
ia to be expressed by means of the Definition, and 
which gives it its importance. The dispute concerning 
the Definition thus acquires a. real value, and becomes 
a question concerning true and false. Thus in the dis- 
cussion of the question, What ia a Uniform Force ) it 
was taken for granted that 'gravity is a uniform 
force ;' — in the debate of the Vis Viva, it was assumed 
that 'in the m.utual action of bodies the whole effect 
of the force ia unchanged :' — in the zoological definition 
of Species, (that it consists of individuala vhich have, 
or may have, sprung from the same parents,) it is pre- 
sumed that ' individuals so related resemble each other 
more than those which are excluded by such a defi- 
nition;' or perhaps, that 'species so defined have per- 
manent and definite differences.' A definition of Or- 
ganization, or of any other term, which was not em- 
ployed to express some principle, would be of no value. 

The establishment, therefore, of a right Definition 
of a Term may be a useful step in the Explication of 
our Conceptions; hut tbiq will he the case tJien only 
when we have under om' consideration some Propo- 
sition in which the Term is employed. Tor then the 
question really is, how the Conception shaU be under- 
stood and defined in order that the Proposition may be 

8. The establishment of a Proposition requires an 
attention to observed Facta, and can never be rightly 
derived Irom our Conceptions alone. We must here- 
aiter consider the necessity which exists that the Fact.s 
should be rightly bound together, as well as that our 
Conceptions should be clearly employed, in order to 



ESPLIOATION OP CONCEPTIONS. 37 

lead u8 to real knowledge. But we may obsen-e here 
that, in auck cases at least as we are now considering, 
the two processes are co-ordinate. To unfold onr Con- 
ceptions by the means of Definitions, has never been 
serviceable to science, except when it has been asso- 
ciated with an immediate «*e of the Definitions. The 
endeavour to define a Unifornj Force was combined 
with the assertion that 'gravity is a imiform force;' 
the attempt to define Accelerating Force was imme- 
diately followed by the doctrine that 'accelerating 
forces may be compounded ;' the process of defining 
Momentum was connected with the principle that 
' momenta gained and lost are equal :' naturalists would 
have given in vain the Definition of Species which we 
hove quoted, if they had not also given the ' characters' 
of speoiea so separated. Definition and Proposition. 
are the two handles of the instrument by which we \ 
apprehend truth ; the former is of no use without the 1 
latter. Definition may be the best mode of explaining ' 
our Conception, but that which alone makes it worth 
■while to explain it in any mode, is the opportunity of 
using it in the expression of Tmth. When a Defi- 
nition is propounded to us as a useful step in know- 
ledge, we are always entitled to ask what Principle it 
serves to enunciate. If there be no answer to this in- 
quiry, we define and give clearness to our conceptions 
in vain. While we labour at such a task, we do but 
light lip a vacant room; — we sharpen a knife with 
which we have nothing to cut; — we take exact aim, 
while we load our artillery with blank cartridge; — 
we apply strict rules of gnuamar to sentences which 
have no meaning. 

I^ on the other hand, we have under our coni^idera- 
tion a proposition probably established, every step 
which we can make in giving distinctness and exact- 
ness to the Terms which this proposition involves, is 
an important step towards scientific truth. In such 
cases, any improvement in our Definition is a real 
advance in the explication of -our Conception. The 
clearness of our Expressions casts a light upon the 
Ideas which we contemplate and convey to others. 
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3. But though Definition may be subservient to a 
right explication of our coDceptions, it is 7wl egimitial 
to that process. It is abaolutely necessary to every 
advance in our knowledge, that those by ■whom audi 
advances sfe made shotdd possess clearly the concept 
tioni3 which they employ: but it is by no means neces- 
sary that they should unfold these conceptiona in the 
words of a formal Definition. It is easily seen, by 
examining the course of Gahleo'a diaooveries, that he 
had a distinct conception of the Moving Force which 
urges bodies downwards upon an inclined plane, while 
lie still hesitated whether to call it Momentwni, Energy, 
Impetus, or Force, and did not venture to offer a Defi- 
nition of the thing which was the subject of his 
thoughts. The Conception of I'olarieation was clear 
in the minds of many optical speculators, from the 
time of Huyghena and Newton to that of Young and 
FreaneL Tliis Conception we have defined to be ' Op- 
posite properties depending upon opposite positions;' 
but this notion was, by the discoverers, though con- 
stantly assumed and expressed by means of superfluous 
hypotheses, never clothed in definite language. And 
in the mean time, it was the custom, among subordi- 
nate writers on the same subjects, to say, that the 
term Polarization had no definite meaning, and was 
merely an expression of our ignorance. The Definition 
which was offered by Haiiy and others of a Mineralo- 
gteal Species; — 'The same elements combined in the 
same proportions, with the same fundamental form;'— 
was fidae, inasmuch as it was incapable of being rigor- 
ously applied to any one case; but this defect did not 
prevent the philoaophera who pro]K)unded such a Defi- 
nition from making ntauy valuable additions to mine- 
ralogical knowledge, in the way of identifying some 
species and distinguishing others. The right Concep- 
tion which they possessed in their minds prevented 
their being uusled by their own very erroneous Defi- 
nition. The want of any precise Definitions of Strata, 
and FoTTnatiims, and EpocJts, among geologists, has 
not prevented the discussions which they have carried 
on upon such Bubjects from being highly serviceable 
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in the promotioa of geological knovrledge. For how- 
eTer much the apparent vagueness of these terma 
might leave their arguments opea to cavil, there vraa a 
general understanding prevalent among the most in- 
telligent coltivators of the science, as to what was 
meant in such expresfiionsj and this common under- 
standing flufficed to detenaine what evidence should 
be considered concluaive and what iaconcluatve, in 
these inquiriea. And thus the distinctness of Con- 
oeption, which ia a real requisite of scientific progress, 
existed in the minds of the inquirers, although Defi- 
nitions, which are a |>artial aiid accidental evidence 
of this distinctness, had not yet been, hit upon. The 
Idea had been developed in men's minds, although a 
clothing of words had not been contrived for it, nor, 
perhaps, the necessity of such a vehicle felt : and thus 
that essential condition of the progress of knowledge, 
of which we are here speaking, existed; while it was 
left to the succeeding speculators to put this unwritten 
Bule in the form of a verbal Statute. 

10. Men are often prone to consider it as a thought- 
less omismon of an essential circumstance, and as a. 
neglect which involves some blame, when knowledge 
thus assumes a form in which Definitions, or rather 
Concepiions, are implied but are not expressed. But in 
such a judgment, they assume thai to be a matter of 
choice requiring attention only, which is in fact aa 
difficvdt and precarious as any other portion of the task 
of discovery. To define, so that our Definition shall 
have any scientific value, requires no small portion of 
that sagacity by which truth is detected. As we have 
already said, Definitions and Propositions are co-oi-di- 
nate in their use and in their origin. In many cases, 
perhaps in most, the Proposition which contains a 
scientific truth, is apprehended with confidence, but 
with some vagueness and vacillation, before it is put in 
a positive, distinct, and definite form. It is thus known 
to be true, before it can be enunciated in terms each of 
which is rigorously defined. The business of Defini- 
tion is part of the business of discovery. "When it has 
been clearly seen what ought to be our Definition, it 
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must be pretty well knonii what truth we have to 
state. The Definition, as well as the discovery, sup- J 
poses a. decided step in oar knowledge to h&ve been-J 
made. The writers on Logic in the middle ages, mad«''l 
Definition the last stage in the progress of knowledge;' 
aud ia this an-angement at least, the histoiy of scieDCC^ 
and the philosophy derived from the history, confirm, 
their speciilative views. If the Elxplieation of our 
Conceptions ever assume the form of a Definition, thia 
will come to pass, not as an. arbitrary process, or as a j 
matter of course, but as the mark of one of those happy-J 
efforts of sagacity to which aJI the successive odvanuea J 
of our knowledge are owing. 



Sect. III. — Uge of Axunne. 

II. Our Conceptions, then, even when they become- J 
80 clear as the progress of knowledge requires, are aot/M 
adequately expressed, or necesaaiily expressed at all, by ^ 
means of Defiaitioijs. We may ask, then, whether there 
is any ol/ier mode of expression in which we may look 
for the evidence and exposition of that peculiar exact- 
ness of thought which the formation of Science demands. 
And in answer to this inquiry, we may refer to the 
discussions respecting many of the Fimdamental Ideas 
of the sciences contained in our History of such Ideas. 
It has there been seen that these Ideas involTe many 
elementary truths which enter into the texture of our 
knowledge, introducing int« it connexions and relations 
of the moat important kind, although these elementary 
truths cannot be deduced from any verbal definition of- i 
the idea. It has been seen that these elementary truths 
may often be enunciated by means of Aanama, stated in 
addition to, or in preference to, Definitions. For e: 
pte, the Idea of Cause, which forma the basis of the | 
science of Mechanics, makes its appearance in our elemen- 
tary mechanical reasonings, not as a Definition, but by 
means of the Axioms that ' Causes are measured by 
their efifects,' and that ' Reaction is equal and opposite 
to action.' Such axioms, tacitly assumed or occa-. 
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sionally stated, as masiraa of acknowiedgod validity, 
belong to all the Ideas which form the foundations of 
the acienoea, and are constantly employed in the reason- 
ing and Bpeculatione of those tvLo think clearly on 
such subjects. It may often be a task of some diffi- 
culty to detect and enunciate in words the Piinciplea 
■which are thus, perhaps silently and unconsciously, 
taken for granted by those who have a sliare in the 
eatablishnient of scientific truth: but inasmuch as 
these Principles are an essential element in our know- 
lodge, it is very important to our present puipose 
to separate thein from the associated materials, and 
to trace them to their origin. This accordingly I 
attempted to do, with regard to a considerable num- 
ber of the most prominent of such Ideas, in the Hm- 
tory. The reader will there find many of these Ideas 
resolved into Axioms and Principles by means of 
which their effect upon the elementary reasonings of 
the various sciences may be expressed. That Work 
is intended to form, in some measnre, a representation 
of the Idefd Side of am physical knowledge ; — a Table 
of those contents of our Conceptions which are not 
received directly from facts ; — an exhibition of Rules 
to which we know that truth must conform. 



Sect. IV. — Clear and appropriate Ideas. 

12, In order, however, that we may see the neces- 
sary cogency of these rules, we muat possess, clearly and 
steadily, the Ideas from which the riiles flow. In oi-der 
to perceive the necessary relations of the Circles of the 
Sphere, we must possess clearly the Idea of Solid 
Space : — in order that we may see the demonstration of 
the composition of forces, we must have the Idea of 
Cause moulded into a distinct Conception of Statical 
Force. This is that Clearness of Ideas which we stipu- 
late for in any one's mind, as the first essential con- 
dition of his making any new step in the discovery of 
truth. And we now see what answer we are able to 
giv^ if we are asked for a Criterion of this Clearness of 
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Idea. The Criterion is, tliat tlie peraon sliall see tbi 
necessity of the Axioms belonging to eaob Idea; — i ' 
accept them in such & manner as to pei'ceive the cogencj' 
of the reasonings tbmided npou them. Thus, a peraon 
has a dear Idea of Space who follows the reasonings of 
geometry and fully apprehends their conclusiveness. 
The Explication of Conceptions, -whicb we are speaking 
of as an essential part of real knowledge, is the process 
by ■which we bring the Gleamoss of our Ideas to bear 
upon the Formation of oiir knowledge. And this is 
done, as we have now seen, not always, nor generally, 
nor principally, by laying down a Definition of the 
Conception ; but by acquiring such a possession of it 
in our minds as enables, indeed compels us, to admit, 
along with the Conception, all the Axioms and Prin- 
ciples which it necessai-ily implies, and by which it 
produces its effect upon our reasonings. 

1 3. But in order that we may make any real advanooj 
in the discovery of truth, our Ideas must not only ' 
clear, they must also be appropriate. Each science has' 
for its basis a different class of Ideas; and the stepi 
which eonatitnte the progress of one science can never 
be made by employing the Ideas of another kind of 
science. No genuine advance could ever be obtained 
in Mechanics by applying to the subject the Ideas of 
Space and Time merely : — no advance in Chemistry, by 
the uae of mere Mechanical Conceptions :— no discoveiy 
in Physiology, by referring facts to mere Chemical and 
Mechanical Principles. Mechanics must involve th© 
Conception of Force; — Chemistry, the Conception 
Elementary Composition;— Pbj&iology, the Concepti 
of Vital Powers. Each acience must advance by mes 
of its ivppTopriaie Conceptions. Each has its own field, 
which extends as far as its principles can be applied. I 
have already noted the se])aration of several of these 
fields by the divisions of the Books of the 5wiori/ of Ideas. 
The Mechanical, the Secondary Mechanical, the Che- 
mical, the Classificatory, the Biological Sciences form so 
many great Provinces in the Kingtlom of knowledge, 
each in a great measare possessing its own peculiar- 
fundamental principles. Every attempt to build up 
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new science by the ftpplication of principles which be- 
long to an old one, will lead to frivolous and banen 
speculations. 

This truth has been exemplified in all tlie instances 
in which subtle speculative men have failed in their 
attempts to frame new sciences, and es];)ecially in the 
essays of the ancient schools of philosophy in Greece, 
aa has already been stated in the Histoiy of Science. 
Aristotle and hia followers endeavoured in yain to 
account for the mechanical relation of forces in the 
lever by applying the inappropriate geometrical con- 
ceptions of the properties of the circle; — they specu- 
lated to no purpose about the elementary composition 
of bodies, because they assumed the inappi-opritxte 
conception of liAenesg between the elements and the 
compound, instead of the genuine notion of elements 
merely delemiining the qualities of the compound. And 
in like manner, in modern times, we have seen, in the 
history of the fundamental ideas of the physiological 
sciences, how all the iriappropriate mechanical and 
chemical and other ideas which were applied in succes- 
sion to the subject failed in bringing into view any 
genuine physiological truth, 

14. That the real cause of the failure in the in- 
etancea above mentioned lay in the Conceptions, is 
plain. It was not ignorance of the facts which in 
thesecasespreventedthediscoveiy of the truth. Aristotle 
was as well acquainted with the feet of the proportion 
of the weights which balance on a Lever aa Archimedes 
was, although Archimedes alone gave the true me- 
chanical reason for the proportion. 

With regard to the doctrine of the Four Hements 
indeed, the inapplicability of the conception of compo- 
Bition of qualities, required, perhaps, to be proved by 
some reference to facts. But this conception was 
devised at first, and accepted by succeeding times, in a 
blind and gratuitous manner, which coijd hardly have 
happened if men had been awake to the necessary 
condition of our knowledge; — tliat the conceptions 
which we introduce into our doctrines aro not arbitrary 
or accidental notions, but certain peculiar modes of 
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apprehension strictly determined by the subject of o 
speciilatioas. 

15. It may, howBTer, be said that this injunction 
that we ore to employ appropriate Conceptions only in 
the formation of otir knowledge, cannot be of praetioal 
iise, because we can only determine what Ideas c 
appropriate, by finding that they truly combine the j 
facts. And this is to a certain extent true. ScientifiaJ 
discovery must ever depend upon some happy thought^ I 
of which we cannot trace the origin; — some fortunate ■■ 
cast of intellect, rising above all rules. I^o maxims J 
can be given which inevitably lead to discovery. No 1 
precepts will elevate a man of ordinary endowments^ 
to the level of a man of genius; nor will an inqniraEj 
of truly inventive mind need to come to the tawhep J 
of inductive philosophy to learn how to exercise 
Ikculties which nature has given him. Such persona 1 
aa Kepler or Fresnel, or Brewster, will have their 
powers of discovering truth little augmented by any 
injunctions respecting Distinct and Appropriate Ideas j 
and such men may very naturally question the utility | 
of rules altogether. 

r6. But yet the opinions which such persons may I 
entertain, will not lead us to doubt concerning the 
value of the attempts to analyse and methodize the 
process of discovery. Who would attend to Kepler if 
lie had maintained that the speculations of Francis 
Bacon were worthless? Notwithstanding what has 
been said, we may venture to assert that the Maxim 
which points out the necessity of Ideas appropriate 
as well as clear, for the purpose of discovering truth, is 
not without its use. It may, at least, have a value as 
a caution or prohibition, and may thus turn us away 
irom laboiuis certain to bo fiTiitleaa. "We have already 
seen, in the History of Ideas, that this maxim, if duly 
attended to, would have at once condemned, as wrongly 
directed, the speculations of physiologists of the mathe- 
matical, mechanical, chemical, and vital-fluid schools; 
since the Ideas whidi the teachers of these schools in- ' 
troduce, cannot suffice for the purposes of physiology, 
which seeks truths respecting the vital powers. Again^ 



it is clear from aiiailar considerations that no definitiou 
of a mineralogical species by chemical charactere aloue 
can anflwer the end of science, since we seek to make 
mineralogy, not an analytical butaclassificatory science'. 
Even before the appropriate conception is matiu'ed ia 
men's minds so that they see clearly irhat if is, they 
may still have light enough to see what it is not. 

17. Another result of this view of the necessity 
of appropriate Ideas, combined with a survey of the 
hifltory of science is, that though for the most part, as 
we shaJl see, the progress of science consiatH in accu- 
mxdating and combining Facts rather than in debating 
concerning Definitions; there are still certain periods 
when the dismittion of Definitions may be the most 
useful mode of cultivating some special branch of 
science. This discussion is of course always to be con- 
ducted by the light of facts; and, aa has already been 
said, along with the settlement of every good Defi- 
nition will occur the corresponding establishment of 
some Proposition. But still at particular periods, the 
want of a Definition, or of the clear conceptions which 
Definition supposes, may be peculiarly felt. A good 
and tenable Definition of Species in Mineralogy would 
at present be perhaps the most important step which 
the science could make. A just conception of the 
nature of Life, (and if expressed by means of a Defini- 
tion, BO much the better,) can hai-dly fail to give its 
possessor an immense advantage in the speculations 
which now come under the considerations of physio- 
logists. And controversies respecting Definitions, in 
thtse caaes, and such as these, may be very iiir from 
idle and unprofitable. 

Thus the knowledge that Clear and Appropriate 
Ideas are requisite for discovery, although it does not 
lead to any very precise precepts, or supersede the 
value of natural sagacity and inventiveness, may still 
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be of use to ua in our pursuit after truth. It may 1 
show ua what course of research is, in each stage rf 1 
science, recommeudod bj the general nnalogy of tha I 
histoty of knowledge; and it may both save us froin. | 
hopeless and barren paths of speculation, and make us I 
advance with more courage and confidence, to know J 
that we are looking for discoveries in the maniii 
which they have always hitherto been made. 

Sect. V. — AccidetUal Discoveries. 

18. Another consequence follows from the 1 
presented in this Chapter, and it is the last I ahall aiiJ 
present mention. No gderUijia discovery can, with any I 
justice, be considered due to acddenl. In whatever 1 
manner fects may be presented to the notice of a disco- J 
verer, they can never become the materials of exact , 
knowledge, except they find his mind already provided 
with precise and Boitable conceptions by which they may 
be analysed and connected. Indeed, aa we have already 
seen, facts cannot be observed as Facta, except in virtue 
of the Conceptions which the observer' himself uncon- 
sciously BuppKea; and they are not Facts of Observa- 
tion for any purpose of Discovery, except these familiar 
and unconscious acts of thought be themselves of a 
just and precise kind. But suppodng the Facts to be 
adequately observed, they cam never be combined into 
any new Truth, except by means of some new Conaep- 
tiona, clear and appropriate, such as I have endeavoured 
to characterize. When the observer's mind ia pre- 1 
pared with such instruments, a very few facta, or it ' 
may be a single one, may bi-ing the process of disco- 
very into action. But in such eases, this previous 
condition of the intellect, and not the single fact, ia 
really the main and peculiar cause of the auccesa. The 
fact is merely the occasion by which the engine of 1 
discovery is brought into play sooner or later. It ia, 
as I have elsewhere said, only the spai'k which dia- 
charges a gun already loaded and pointed; and there 
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is little propi-iety in. Bpeakjng of snch an a^^cident na 
the cause why the hullet hita the mark. If it were 
true that the faU of an apple was the oecaaion of New- 
ton's purauing the train of thought which led to the 
doctrine of universal gravitation, the habits and coa- 
Btitution of Newton's intellect, and not the apple, wei-e 
the real source of thia great event in the progress of 
knowledga The common lore of the marvellous, and 
the vulgar desire to bring down the greatest achieve- 
ments of genius to our own level, may lead men to 
aacriba auch results to any casual eircnmBtanQeg which 
accompany them ; but no one who fairly considers the 
real nature of great discoveries, and the intellootual 
proCBBsea which they involve, can seriously hold the 
opinion of their being the effect of accident. 

19. Such accidents never happen to common men. 
Thousands of men, even of the most inquiiing and 
speculative men, had seen bodies fallj hut who, except 
Newton, ever followed the accident to such conse- 
quences! And in &ct, how little of hia train of 
thought waa contained in, or even directly suggested 
by, the fall of the apple ! If the apple fall, said the 
discoverer, 'why should not the moon, the planets, the 
satellites, fidlJ' But how much previous thought, — 
what a steady conception of the uniTcrsality of the 
laws of motion gathered from other sources, — were 
requisite, that the inquirer should see any connexion 
in these cases ! Was it by accident that he saw in the 
apple an image of the moon, and of every body in the 
solar system ! 

ao. The same observations may be made with re- 
gard to the other cases which are sometimes adduced 
as examples of accidental discovery. It haa been said, 
' By the accidental placing of a rhomb of calcareous 
spar upon a book or line Bartholinus discovered the 
property of the Dovhle Rejraetion of light.' But Bar- 
tholinus could have seen no such consequence in the 
accident if he had not previously had a clear concep- 
tion of single refraction. A lady, in describing an 
optical experiment which had been shown her, said of 
her teacher, 'He told me to increase and diminish 
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tite angle of refraction, and at last I fonnd that he only 
meant me to move my head up and down,' At any 
rate, till the lady had acquired the uotions which the 
technical terms convey, she could not have made 
Bartholinus's diaoovery by means of his accident. ' By 
accidentally combining two rhombs in different poBi- 
tiona,' it ia added, * Huyghena discovered the J'otari- 
zat'wn of Light.' Supposing that this experiment had 
been made without design, what Huyghena really 
observed was, that the im^es appeared and disap- 
peared alternately as he turned one of the rhombs 
round. But was it au easy or an obvioua bosiness to 
analyze this curious alternation into the circurastances 
of the rays of light having sides, as Newton expressed 
it, and into the additional hypotheses which are im- 
plied in the term 'polarization' J Those will be able 
to answer this question, who have found how far from 
easy it is to understand clearly what is meant by 
'polarization' in this case, now that the property is 
fully established. Huyghens's success depended on his 
clearness of thought, for this enabled him to perform 
the intellectual analysis, which never would have occur- 
red to most men, however often they had ' accidentally 
combined two rhombs in different positions.' ' By acci- 
dentally looking through a prism of the same sub- 
Btance, and turning it round, Malus discovered the 
polarization of light by reflection.' Malus saw that, 
in some positions of the prism, the light reflected 
from the windows of the ijouvre thus seen through 
the prism, became dim. A common man would have 
supposed this dimness the result of accident; but 
Malus's mind was differently constituted and disci- 
plined. He considered the position of the window, 
and of the prism ; repeated the experiment over and 
over; and in virtue of the eminently distinct concep- 
tions of space which he pceseased, resolved the pheno- 
mena into its geometrical conditions. A believer in 
accident would not have sought them; a person of 
less clear ideas would not have found them. A person 
must have a strange confidence in the virtue of chance, 
and the worthlessness of intellect, who can say that 
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•in all these fundamental discoveries appropriate ideas 
had no share,' iwid that the discoveries ' might have 
been made by the most ordinary observers.' 

21. I have now, I tniat, diown in vaiioiis waya, 
how the Explication of Coneeptions, including in this 
term their clear development irom Fundamental Ideas 
in the discoverer's mind, as well as their precise ex- 
pression in the form of Definitions or Axioms,' when 
that can be done, is an essential part in the establish- 
ment of all exact and general physical truths. In doing 
this, I Lave endeavonred to explain in what sense the 
poBseaalon of clear and appropriate ideas ia a main 
requisite for eveiy step in scientific discovery. That it 
is far from being the only step, I shall soon have to 
show; and if any obscurity remain on the subject 
treated of in the present chapter, it will, I hope, be 
removed when we have examined the other elements 
which enter into the constitution of o 







CHAPTER ni. 
Of Facts as the MATEELAia of Science. 



all Facts involve 
noC exclude Ideas, 
are thu thu Idtaa 



ApHORisa IV. 
Facts are the materials oficiencc, bt 
Ideat, Since, in obienitiig Pacts, ive et, 
v>» mint, for ihepurpoiei of seieiiee, take 
are clear and rigorotisli/ applied, I 

Aphosish Y, fl 

The last Aphoritm leads to vieh RtiUs as the following : — 
That Facta,for the pwrpofts of material science, must inTJolve 
Conception* of the Intdltet only, and not Emotions. — Tfiat 
Facts must he observed with reference to our most tJjael con. 
ceptions, Nttmber, Place, Figure, Motion: — That the]/ miMi 
also he observed with reference to any other exact conceptions 
which the phenomena tnggett, as Force, in mechanical pheno- 
Di«na, Concord, in namcal. 

Aphomsm VI. 
The resolution of complex Facts into precise and measured J 
partial Facts, vie call the DecompoEition of Facts. TAwJ 
process is requisite for the progress of se 
necessarily lead to progress. 



I. "X^JE have now to examine htiw Science is built 

W up by the combination of Facts. In doing this, I 
we siipi>o3e t)iat we have already attained a supjily of 
definite and certain Facta,freefromohaciirity and doubt. 
We must, therefore, first conBidei" under what condi- 
tions Facts can assume this character. 

When we inquire what Facts are to be made tho 
niateriala of Science, ^lerhaps the answer which wa , 
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sliould moat commonly receive would be, that they 
must be True FacU, as distinguished from any mere 
inferences or opiniona of our own. We should pro- 
bably be told that we must be careful in such a ca^e to 
consider oa Facts, only what we really observe ; — that 
we must assert only what we see; and believe nothing 
except upon the testimony of our senses. 

But snch masims axo far from being easy to apply, 
as a httte examination will couviuce us. 

a. It has been explained, in preceding works, 
that all perception of external objects and occur- 
rences involves an active as well as a passive process 
of the mind ; — includes not only Sensations, but also 
Ideas by which Sensations are bound together, and 
have a nnity given to them. From this it follows, that 
there is a difficulty in separating in our perceptions 
what we receive from without, and what we ouraelvea 
contribute from within; — what we perceive, and what 
we infer. In many cases, this difficulty is obvious to 
all: as, for example, when we witness the performances 
of a juggler or a ventriloquist. In these instances, we 
imagine ourselves to see and to hear what certainly we 
do not see and hear. The performer takes advantage 
of the habits by which our minds supply interruptions 
Bod in&r connexions; and by giving us fallacious indi- 
cations, he leads us to perceive as an actual fact, what 
does not happen at all. In these cases, it is evident 
that we ourselves assist in making the fact; for we 
make one which does not really exist. In other cascK, 
though the &ct which we perceive be true, we can 
easily see that a large portion of the perception is our 
own act ; as when, from the sight of a bird of prey we 
infer a carcase, or when we read a half-obliterated in- 
scription. In the latter case, the mind supphes the 
meaning, and perhaps half the letters; yet we do not 
hesitate to say that we actually read the inscription. 
Thus, in many cases, our own inferences and interpre- 
tations enter into our facts. But this happens in 
many instances in which it is at first sight less obvious. 
Wh.en any one has seen an oak-tree blown down by a 
strong gust of wind, he does not think of the occurrence 
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any otherwise than as a Fact of which he is assured 
hia senses. Yet by what sense does he perceive 1 
Force which he thus supposes the wind to exert f By 
■what sense does he distingiiish an Oak-tree from all 
other trees? It is clear ujwn reflexion, that in such 
a case, his own mind snjiplies the conception of extra- 
neous impulse and pressure, by which he tlms inter- 
prets the motions observed, and the distinction of 
different kinds of trees, according to which be thus 
names the one under his notice. The Idea of Force, 
and the idea of definite Kesemblancea and Difterences, 
are thus combined with the impressions on our senses, 
and form an undistinguished portion of that which we 
consider as the Fact. And it is evident that we can iu 
no other way perceive Force, than hy seeing motion; 
and cannot give a Name to any object, without not 
oidy seeing- a difference of single objects, but supposing 
a (Ufference of classes of objects. When we speak w 
if wo saw impulse and attraction, things and classes 
we really see only objects of various forms and coIoiubj, 
more or less numerous, variously combined. But do.' 
we really perceive so much as thisl When we see th« 
form, the size, the number, the motion of objects, aj^ 
these really mere impressions on our senses, unmo- 
dified hy any contribution or operation of the mind 
itself? A very little attention will suffice to convince 
us that this is not the case. When we see a windmill 
turoing, it may happen, as we have elsewhere noticed", 
that we mistake the direction in which the sails turn: 
when we look at certain diagrams, they may appear- I 
either convex or concave; when we see the moon firet | 
iu the horizon and afterwards high up in the sky, we 
judge her to be much larger iu the former than in the 
latter position, although to the eye she subtends the 
same angle. And in these cases and the like, it has 
been seen that the erroui' and confusion which we thus 
incur arise from the mixture of acts of the mind itself 
with impressions on the senses. But such acts are, as 
we have also seen, inseparoMe portions of the process 
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of perception. A certain activity of the mind ia in- 
volved, not only in seeing objects erroneously, but in 
seeing them at alL With regard to solid objects, thia 
is generally acknowledged. When we seem to see an 
edifice occupying space in all diraeudons, we really see 
only a representation of it as it appears refotred by 
perepective to a surface. Tlie inference of the solid 
form ia an operation of our own, alike when we look at 
a reality and when we look at a picture. But we may 
go further. Is plane Figure really a mere Sensation) 
If we look at a decagon, do we see at once that it has 
ten sides, or is it not necessary for us to count them ; 
and is not counting an act of the mind! All objects 
are seen in space ; all objects are seen as one or many : 
but are not ^e Idea of Space and the Idea of Number 
requisite in order that we may thus apprehend what 
we see ? Tiat these Ideas of Space and Number in- 
volve a connexion derived Irom tlie mind, and not from 
the senses, appears, as we have already seen, from tliia, 
that those Ideas afford us the materials of universal 
and necessary truths : — such truths as the senses can- 
not possibly supply. And thus, even the perception of 
such &c(s as the size, shape, and number of objects, 
cannot be said to be impre.'isions of sense, distinct from 
all acts of mind, and cannot be expected to be free 
fiMim errour on the ground of their being mere observed 
Facts. 

Thus the difficulty which we have been illustrating, 
of distinguishing Facts from inferences and trora inter- 
pretations of facts, is not only great, but amounts to an • 
impossibility. The separation at which we aimed in 
the outset of this discussion, and which was supposed 
to be necessary in order to obtain a firm groundwork 
for science, is found to be unattainable. We cannot 
obtain a sure basis of Facta, by rejecting all inferences 
and judgments of our own, for such inferences and 
judgments form an unavoidable element in all Facts. 
We cannot exclude our Ideas from our Perceptions, 
for our Perceptions involve our Ideas. 

3. But still, it cannot be doubted that in selecting 
the Facta which are to form the foundation of Science, 
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we muat reJuce tbem to tLeir most siniplB : 
form; and must reject everything from wliich doubt o 
eiTour may arise. Now ainoe this, it appears, cannot 
be done, by rejecting the Ideas which all Facta in- 
volve, in what manner are we to conform to the ob- 
vious maxim, that the Facts which form the basis of 
Science mast be perfectly definite and certain? 

The analyuiB of facts into Ideas and Sensations, 
which we have so often referred to, suggests the an- 
swer to this inquiry. We are not able, nor need we 
endeavour, to exclude Ideaa from our Facts; but we 
may be able to discern, with perfect distinctness, the 
Ideas which we include. We cannot observe any phe- 
nomena without applying to them such Ideas as Space 
and Number, Cause and Resemblance, and usually, 
several others; but we may avoid applying these Ideas 
in a wavering or obscure manner, and confounding 
Ideas with one another. We cannot read any of the 
inscriptions which nature presents to us, without in- 
terpreting them by means of some language which we 
ourselves are acciwtomed to speak; but we may make 
it our busineBS to acq\iaiut oaraelves peifectly with the 
language which we thus employ, and to interpret it ac- 
cording to the rigorous rules of grammar and analogy. 

This maxim, that when Facts are employed as iba < 
basis of Science, we muat distinguish clearly the Ideas ( 
which they involve, and must apply these in a distinct j 
and rigorous manner, will be found to be a more pre- ] 
ciso guide than we might perhaps at first expect. We I 
■ may notice one or two Gules which flow from it. 

4. In the first place, Facts, when used as the mate^ I 
rials of physical Science, must be referred to Concept I 
lions o/lfie Intellect otdy, all emotions of fear, admint- I 
tion, and the like, being rejected or subdued. Thu^ J 
the observations of phenomena which are 
portents and prodigies, striking terrcur and boding 
evil, are of no value for purposes of science. The tales 
of armies seen warring in the sky, the sound of arms 
heard from the clouds, fiery dragons, chariots, sworda 
seen in the air, may refer to metoorological pheno- 1 
mena; hut the records of phenomena observed in the ' 
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atat6 of mind whicli these deecriptiona imply eiui be 
of no scieiitific value. We cannot make the poeta our 
observers. 

Annornm somtnm toto Germania caAo 



Vol qnoque per lucos yulgo ex audita BJlentea 
Ingeos, et simulacra modis pallcDtia mirie 
Visa sub ohscunim noctis ; pecudesque locutse. 

The mixture of fancy and emotion with the nbaervation 
of facta has often disfigured them to an eirtent which 
is too familiar to all to need illustration. We have an 
example of this result, ia the manner in which Comets 
are described in the treatises of the middle ages. In 
such works, these bodies are regularly distributed into 
several classes, accordingly as they assume the form of 
a Bword, of a spear, of a cross, and so on. When such 
resemblances had become matters of interest, the im- 
preasions of the senses were governed, not by the rigor- 
ouB conceptions of form and colour, but by these aa- 
sumed images; and under these circumstances, we can 
attach little value to the statement of what waa seen. 

In all such phenomena, the reference of the objects 
to the exact Ideas of Space, Number, Position, Motion, 
and the hke, is the first step of Science : and accord- 
ingly, this reference waa established at an early period 
in those sciences which made an early progress, as, for 
instance. Astronomy. Yet even in astronomy there 
appears to have been a period when the predominant 
conceptions of men in regarding the heavens and the 
stars pointed to mythical story and su])eniatural in- 
fluence, rather than to mere relations of space, time, 
and motion ; and of this primeval condition of those 
who gazed at the stars, we seem to have remnants in 
the Constellations, in the mythological Names of the 
Planets, and in the early prevalence of Asti-ology. It 
was only at a later period, when men hod begun to 
measure the places, or at least to count the revolutions 
of the stars, that Astronomy had its birth, 

5. And thus we are led to another Kule :— that in 
coUecting Facts which are to be made the basis of 
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Science, the Facts are to be observed, as far as poasibl 
wUh re/erence to place, figure, numher; ^notion, and tl 
like ConceptionB; which, depending upon the Ideaa of 
Space and Time, are the most universal, exact, and 
simple of our conceptions. It was by early attention to 
these relations in the case of the heavenly bodies, that 
the ancients formed the science of Astronomy : it was 
by not making precise observations of this kind in the 
case of terrestrial bodies, that they failed in framing a 
science of the Mechanics of Motion. They succeeded 
in Optica as far as they made observations of this na- 
ture; but when they ceased to traoe the geometrical 
paths of rays in the actual experiment, they ceased 
go forwards in the knowledge of this subject. 

6. But we may state a further Rule : — that though>-] 
these relations of Time and Space are highly importanl 
in almost all Facta, we are not to confine ouraelves ' 
these : but are to consider the phenomena with re/erenc*y. 
to other Conceptions also ; it being always understood; ' 
that these conceptions are to be made as exact and 
rigorous as those of geometry and number. Thus the 
science of Harmonies arose from considering 
with reference to Concords and Discords j the science 
of Mechanics arose from not only observing motions as 
they take place ia Time and Space, but further, refei^ 
ring them to Force as their Cause. And in like man- 
ner, other sciences depend upon other Ideas, which, aa 
I have endeavoured to show, are not less fundamental 
than those of Time and Space; and like them, capable 
of leading to rigorous consequences. 

7. Thus the Facts which we assume as the basis of 
Science are to be fi'eed from all the mists which ima- 
gination and passion throw round them ; and to be 
separated into those elementary Facts which exhibit 
simple and evident relations of Time, or Space, or 
Cause, or some other Ideas equally clear. Wo resolve 
the complex appearances which nature offers to us,. 
and tho mixed and manifold modes of looking at these 
appearances which rise in our thoughts, into hmited, , 
definite, and clearly- understood portions. This process 
wo may term the DacomposUion of Facts. It ia tho. 
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beginning of exact knowledge, — the first step in tlie 
formation of all Science. This Decompoaition of Fucta 
into Elementary Facta, dearly understood and surely 
aBoertataed, must precede all discovery of tlie laws of 
nature. 

8. But tLough this step ia necessary, it ia not infal- 
lihly sufficient. It hy no means foUowa that when wt 
have thus decoinpoaed Facta into Elementary Tnitha 
of observation, we shall soon be able to combine thcae, 
BO SB to obtain Truths of a higher aud more specula- 
tive kind. We have examples which show ua how 
&T this is from being a necessary consequence of the 
former step. Observations of the weather, made and 
recorded for many years, have not led to any general 
truths, forming g. science of Meteorology ; and although 
great numerical precision has been given to such ob- 
servations by means of barometers, thermometers, aad 
other instruments, still, no general laws regulating the 
cycles of change of such phenomena have yet been 
discovered. In like manner the faces of crystals, and 
the sides of the polygons which these crystals form, 
were counted, and thus numerical facts were obtained, 
perfectly true and definite, but still of no value for 
purposes of science. And when it was discovered 
what Element of the form of crystals it was important 
to observe and measure, namely, the Angle made by 
two faces with each other, this discovery was a step of 
a, higher order, and did not belong to that depart- 
ment of mere exact observation of manifest Facts, 
with which we are here concerned. 

9. When the Complex Facts which nature offers to 
us are thus decomposed into Simple Facts, the decom- 
position, in general, leads to the introduction of Terms 
and Phrases, more or less technical, by which these 
Simple Facts are described. When Astronomy was 
thus made a science of measurement, the things mea- 
sured were soon described as Hours, and Days, and 
Cydes, Altitude and Declination, Fluises and Aspects. 
In the same manner, in Music, the concords hud names 
assigned them, as Diapente, Diateasa/ron, Diapason; in 
studying Optica, the Raya of light were spoken of as 
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liaTmg their course altered by Reflexion and Refrac 
tion,; and when uaeful observationB began to be mada 
in Mechanics, the observers spoke of Force, Pressure, 
MomeTttum, Inertia, and the lik& 

10. When we take phenomena in which the lead- 
ing Idea is Eeaemblaace, and resolTc them into precise 
component Facta, we obtain some kind of Classifica- 
tion; aa, for instance, when we lay down certain KiQai 
by which particular trees, or particular animals are ta- 
be known. This is the earlieat form of Natnral His- 
tory; and the Clasaification which it involves is that 
which correspoads, nearly or exactly, with the uaoal 
Names of the objects thus classified. 

11, Thus the first attempts to render observation 
certain and exact, lead to a decomposition of the ob- 
vious facts into Elementary Pacts, connected by the 
Ideas of Space, Time, Number, Cause, Likeness, 
others: ajid into a Classification of the Simple Facts?^ 
a classification more or less just, and marked by Name* | 
either common or technical. Elementary Facts, and 
Individual Objects, thus observed and classified, form 
the materials of Science; and any improvement in 
Classification or Nomenclature, or any discovery of a 
Connexion among the matfiriala thus accumulated, 
leads us fairly within the precincta of Science. Wa 
must now, therefore, consider the manner in which 
Science is built up of such materials; — the process by 
which they are bronght into their places, and the tex- 
ture of the bond which unites and cements them. 
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Or TOE Colligation of Facts. 



Aphoribm VII. 
Scienet begin* with eomtnon observation of fads; but 
even at this ttage, requiret that the obatrvationi be preciie. 
Hence the tcieacei uihUh depend vpon ipact and number 
tvere the earliest formed, Afler common obia-valioti, come 
Seieniifie Obserration and Eiporiment. 

Aphorism VIII. 

Thi Coneeptiont by tvhich Facta are bound together, are 
titggeated by the sagacity of diieoverers. This sagacity can- 
not be taught. It commonly sticcetds by guetsingi and this 
aueeet* seems to eotisist in framing several teatatlve hjpo- 
theses and telecling the right one. But a supply ofappro~ 
priate hypotheses cannot be eonstrueted by rvie, nor withmtt 
inventive talent. 

Aphoribh IX. 
Th^ truth of tentative hypotheses must be tested by their 
application to facts. The ditcoverer must be ready, i 
fully to try his hypothaes in this monnw, and to rgeet 
lA«m if they uiill not bear the test, in spite of indolence and 
vanity. 

I. TjlACTS such as the last Chapter speaks of ai 

JJ means of such Conceptions as are described i. 
the preceding Chapter, bound together so aa to give 
rise to tliose general Propoaitioiia of which Science 
consists. Thus the Facta that the [ilacets revolve 
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about the sun in certaiu periodic times and at certain 
distances, are included and connected in Kepler's Law, 
by means of such. Conceptions as the equares of num- 
hers, the evhea of dietancet, and the pToportionality of' 
these qTiantities. Again the existence of this propor- 
tion in the motions of any two planeta, fonna a set of 
Facts which may all be combined by means of the 
Conception oT a certain central occeleraliTig foroe, as 
■was proved by Newton. The whole of our physical 
knowledge conaista in the establishment of such pro- 
positions; and in all such cases. Facts are bound to- 
gether by the aid of suitable Conceptions. This part 
of the ibnuation of our knowledge I have called the 
€oUigatwn of Facte: and we may apply this term to 
every case in which, by an act of the intellect, we 
establish a precise connexion among the phenomena 
which are presented to our senses. The knowledge of 
such connexions, accumulated and Bystematiwd, is 
Science. On the steps by which science is thus col- 
lected from phenomena we sbaU proceed now to make 
a few remarks, 

3. Science begins with Comnton Obsei-vation o£ 
facta, in which we are not conscious of any peculiar 
discipline or habit of thought exercised in observing. 
Thus the common perceptions of the appearances and 
recurrences of the celestial luminaries, were the first 
steps of .Astronomy: the obvious cases in which bodies 
fall or are supported, were the beginning of Mechanics; 
the familiar aspects of visible things, were the origin 
of Optics; the uau^d distinctions of well-known plants, 
lirst gave rise to Botany. Facts belonging to such 
parts of our knowledge are noticed by us, and accumu- 
lated in our memories, in the common course of our, 
habits, almost withont our being aware that we are 
observing and collecting facts. Tet such facta may 
lead to many scientific truths; for instance, in the first 
stages of Astronomy {as we have shown iu the History) 
such facts led to Methods of Intercalation and Eules 
of the Becurrence of Eclipses. In succeeding stages 
of science, more especial attention and preparation on 
the part of the observer, and a selection of cei-tain, 
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kijids of facts, becomoa necessary; but there is an early 
period in the progress of knowledge at which man is 
a physical philosopher, without seeking to be so, or 
being aware that he is ao. 

3. But in all stages of the progress, even in that 
early one of which we have just spoken, it is neces- 
saiy, in order that the facta may be fit niateriala of 
any knowledge, that they should be decomposed into 
Elementary Facts, and that these should be observed 
with preciaion. Thus, in the first infency of astro- 
nomy, the recurrence of phases of the moon, of places 
of the sun's riaing and setting, of 2>l*iicta, of eclipses, 
was observed to take place at intervala of cei'tain defi- 
nite numbers of days, and in a certain exact order; 
and thus it was, that the observations became portions 
of astronomical science. In other cases, although the 
facts were equally numerous, and their general aspect 
equally familiar, they led to no science, because their 
exact circumstances were not apprehended. A vague 
and loose mode of looking at facta very easily observ- 
able, left men for a long time imder the belief that a 
body, tea tinLea as heavy an another, falls ten times as 
fast ; — that objects immersed in water are always mag- 
nified, without regard to the form of the surface; — 
that the magnet eierts an irresistible force; — that 
ci'pital is always found associated with ice; — and the 
like. These and many others are examples how blind 
and careless men can be, even in observation of the 
plainest and commonest appearances; and they show 
ua that the mere fiicultiea of perception, although con- 
stantly exeixiised upon innumerable objects, may long 
fail in leading to any exact knowledge. 

4. U we further inquire what was the iavourable 
condition through which some special classes of fecta 
were, fi^m the first, fitted to become portions of sci- 
ence, we shall find it to have heen principally this; — 
that these facts were considered with reference to the 
Ideas of Time, Number, and Space, which ai'e Ideas 
possessing peculiar definiteness and precision; so that 
with regard to them, confusion and indistinctness are 
hardly possible. The interval from new moon to new 
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moon waa always a particular number 
sun in Ma yearly comse rose and set near to a, known 
succession of distaut objects; the moon's path 
among the stars in a certain order ; — these are obser- 
Tatious in which mistake and obscurity are uot likely 
to occur, if the smallest degree of attention ' 
upon tlie task. To count a number is, from the first 
opening of man's mental fiiculties, an operation ■which! 
no science can render more precise. The relations 
space are nearest to those of number in obvious and 
universal evidence. Sciences depending upon these 
Ideas arise with the first dawn of intellectual civiliza- 
tion. But few of the other Ideas which man employs 
in the acquisition of knowledge possess this clearness 
in their common use. The Idea of Retemhlance may 
be noticed, as coming next to those of Space and Num- 
ber in original precision ; and the Idea of Cause, in a 
certain vague and general mode of application, suffi- 
cient for the purposes of common life, but not for th»j 
ends of science, exercises a very estensive infiuenoo 
over men's thoughts. But the other Ideas on which 
science depends, with the Conceptions which arise o 
of them, are not unfolded till a much later period of 
intellectual progress; and therefore, except in such 
limited cases as I l^ve noticed, the observations of 
common spectators and uncultivated nations, however 
numerous or varied, are of little or no effect in giving 
rise to Science. 

5. Let us now suppose that, besides common every- 
day perception of facta, we turn our attention to some 
other occurrences and appearances, with a design ot' 
obtaining irom them speculative knowledge. This 
process is more peculiarly called Observation, or, when 
we ourselves occasion the facts. Experiment. But the 
same remark which we have already made, still holds 
good here. These facts can be of no value, except 
they are resolved into those exact Conceptions which 
contain the essential circumstances of the case. They 
must be determined, not indeed necessarily, as ba> 
sometimes been said, ' according to Number, Weight, 
and Measure;' for, as we have endeavoured to show* 
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in the preceding Books', there are many other Con- 
ceptions to which phenomena may be subordinated, 
quite different from these, and yet not at aJl less defi- 
nite and precise. But in order that the fiicts obtained 
by observation and experiment may be capable of 
being used in furtherance of our exact and solid know- 
ledge, they must be apprehesded and analysed accord- 
ing to some Conceptions which, applied for this pur- 
pose, give distinct and definite results, such as can be 
steadily taken hold of and reasoned from ; that is, the 
fa«ts must be refeiTed to Clear and Appropriate Ideas, 
according to the manner in which we have already ex- 
plained tliis condition of the derivation of our know- 
ledge. The phenomena of light, when they aro such 
as to indicate sides in the ray, must be referred to the 
Conception of polarisation; the phenomena of mix- 
ture, when there is an alteration of qualitiea as well 
as quantities, must be combined by a Conception of 
elementary composition. And thus, when mere posi- 
tion, and nmob«r, and resemblance, will no longer an- 
swer the purpose of enabling ns to connect the facta, 
we call in other Ideas, in such cases more efficacious, 
though less obvious. 

6. But how are we, in these cases, to discover such 
Ideas, and to judge which will be eflicacioua, in leading 
to a scientific combination of our experimental data? 
To thia question, we must in the first place answer, 
that the first and great iustrument by which facts, so 
observed with a view to the formation of exact know- 
ledge, are combined into important and permanent 
truths, is that peculiar Sagacity which belongs to the 
genius of a Discoverer; and which, while it supplies 
those distinct and appropriate Conceptions which lead 
to its success, cannot be limited by rules, or expressed 
in definitions. It would be difficult or impossible to 
describe in words the habits of thought which led Ar- 
chimedes to refer the conditions of equilibrium on the 
Lever to the Conception of preaswfe, while Aristotle 
could not see in them anything more than the results 

' Bm. pf ScL Id. Bs. V. yi riL viii. ix. x. 
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of tlie atrangenefls of the properties of the cirole;- 
or which impelled Pascal to explain by meana of the 
Conception of the weight of air, the facta which hia 
predecessors had connected by the notion of nature's 
horrour of a vacuum;— or which caused Vitello and 
Roger Bacon to refer the magni^ing power of a con- 
vex lens to the bending of the rays of light towarda 
the perpendicular by refraction, while others conceived 
the effect to result from, the matter of medium, with 
no conaideration of its form. These are what are com- 
monly spokea of as felicitous and inexplicable strokes 
of inventive talent ; and such, no doubt, they are. No 
rules can ensure to us similar success in new caaes; or 
can enable meu who do not possess aimiUr endow- 
ments, to make like advances in knowledge. 

7. Yet still, we may do something in tracing thB'' 
process by which such discoveries are made ; and this 
it is here our business to do. We may observe that 
these, and the like discoveries, are not improperly de- 
scribed as happy Guesses; and that Guesses, in these 
as in other instances, imply various suppositions made, 
of which some one turns out to be the right one. We 
may, in such cases, conceive the discoverer as invent- 
ing and trying many conjectures, till he finds one 
which answers the purpose of combining the scattered 
facts into a single rule. The discovery of general 
truths from special facts is performed, commonly at 
least, and more commonly than at first appeal's, by 
the use of a series of Supposition b, or Hypotheges', 
which are looked at in quick succession, and of which 
the one which really leads to truth is rapidly detected, 
and when caught sight of, firmly held, verified, aud 
followed to its consequences. In the minds of most 
discoverers, this process of invention, trial, and accept- 
ance or rejection of the hypothesis, goes on so rapidly 
that we cannot trace it in its successive steps. But in 
some instances, we can do so ; and we can also see that 
the other examples of discovery do not difier essen- 
tially from these. The same intellectual operations 
take place in other cases, although this often happens 
so instantaneously that we lose the trace of the pro- 
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gresaion. In tlie diaooveriea made by Kepler, we have 
a curiotiB aud meiuornible exhibition of this process ia 
its details. Thnnks to his communicative dispositiou, 
we itnow that he made nineteen hypotheses with re- 
gard to the motion of Mars, and calculated the results 
of each, before he established the true doctrine, that 
the planet's path is an clhpse. We know, in like man- 
ner, that Galileo made wrong suppositions respecting 
the laws of falling bodies, and Mariotte, concerning 
the motion of water in a siphon, before they Lit upon 
the correct view of these cases. 

8. But it has very often happened in the history of 
science, that the erroneous hypotheses which preceded 
the discovery of the truth have been made, not by the 
discoverer himself, but by his precursors; to whom he 
thin owed the service, often an important one in such 
cases, of exhausting the most tempting forms of errour. 
Thus the various fruitless suppositions by which Kep- 
ler endeavoured to discover the law of refraction, led 
the way to its real detection by Snell; Kepler's nume- 
rous imaginations concerning the forces by which the 
celestial motions are produced, — his 'physical reason- 
ings' as he termed them, — were a natural prelude to 
the truer physical reaaoaings of Newton. The various 
hypotheses by which the suspension of vapour in air 
had. been explained, and their failure, left the field 
open for Dalton with his doctrine of the mechanical 
mixture of gases. In most cases, if we could truly 
analyze the operation of the thoughts of those who 
make, or who endeavour to make discoveries in sci- 
ence, we should find that many more suppositions pass 
through their minds than those which are expressed 
in words; many a possible combination of conceptions 
is formed and soon rejected. There is a constajit in- 
vention and activity, a perpetual creating and selecting 
power at work, of which the last results only are ex- 
hibited to us. Trains of hypotheses are called up and 
pass rapidly in review; and the judgment makes its 
choice from the varied group. 

9. It would, however, be a great mistake to sup- 
pose that the hypotheses, among which our choice thua 
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lies, are coiutracted by an enumeration of obyii 
fanm, or by a wanton alteration of rel&tioDS vbicb 
occur in some first hrpothesis. It may. indeed, 
time* Ii^)[iea tliat the proposition which is finally 
wtftbliahed ia each aa may be fonneii, by some eligbt 
sJteratioD, from those irhich are justly rejected. Thus 
Kepler's elliptical tfaeoty of Mars'a motions, involved 
relations of lines and angles much of the same nature 
u hia previoiu &be suppositions: and the true law of 
Tebvetioa ao mach resemblea those erroneons ones 
which Kepler tried, that we cannot help wondering 
how he chanced to miss it. But it more fi-equentJy 
happens that new truths are brought into view by the 
application of new Ideas, not by new modifications of 
old ones. The cause of the properties of the Lever 
was learnt, not by introducing any new geomelrieal 
combination of lines and circles, but by referring the 
properties to genuine meelutnical Conceptions. Whoa 
the Motions of the Planets were to be explained, this 
was done, not by merely improving the previous no- 
tions, of cycles of time, but by introducing the new 
conception of epicyclea in space. The doctrine of the 
Poor Simple Elements was expelled, not by forming 
any new scheme of elements which should impart, 
liccording to new rules, their sensible qualities to their 
compounds, but by considering the elements of bodies 
as neutraliang each other. The Fringes of Shadows 
could not be explained by ascribing new properties to 
the single rays of light, but were reduced to law by 
refeiTJng them to the interferenee of aeveral rays. 

Since the true supposition is thus very frequently 
something altogether diverse from all the obvious con- 
jectures and combinations, we see here how far we are 
from being able to reduce discovery to rule, or to give 
any precepts by which the want of real invention and 
sagacity shall be supplied. We may warn and en- 
courage these faculties when they exist, but we cannot 
create them, or make great discoveries when they are 
absent. 

lo. The Conceptions which a trae theory requires 
Bre very often clothed in a HypotliMia which conneotq 
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with them several superfluous and irrelevant ciicum- 
stances. Thus tte Conception of the Polarization of 
Light was originally represented under the image of 
particles of light having their poles all turned in the 
same direction. The Laws of Heat may be made out 
perhaps most conveniently by conceiving Heat to be 
a Fluid. The Attraction of Gravitation, might have 
bean successfully applied to the explanation of facts, if 
Newton had throughout treated Attraction aa the re- 
sult of an £liier diflused through space ; a supposition 
which he has noticed aa a possibility. The doctrine of 
Definite and Multiple Proportions maybe conveniently 
expressed by the hypothesis of Atomt. In such cases, 
the Hypothesis may serve at first to facilitate the in- 
troduction of a new Conception. Thus a pervading 
Ether might for a time remove a difficulty, which some 
persons find considerable, of imagining a body to a^ieet 
force at a disfcaaca A Particle with Poles is more 
easily conceived than Polarization in the abstract. 
And if hypotheses thus employed will really explain 
the facts by means of a few simple assumptions, the 
laws so obtained may afterwards be reduced to a sim- 
pler form than that in which they were first suggested. 
The general laws of Heat, of Attraction, of Polariza- 
tion, of Multiple Proportions, axe now certain, what- 
ever image we may form to ourselves of their ultimate 

II. In order, then, to discover scientific truths, sup- 
positions consisting either of new Conceptions, or of 
new Combiuationa of old ones, are to be made, till we 
find one supposition which succeeds in binding together 
the Facta. But how are we to find thisi How is the 
trial to be made) What is meant by 'success' in these 
cases 1 To this we reply, that our inquiry must be, 
whether the Facta have the same relation in the Hypo- 
thesis which they have in reality; — whether the results 
of our suppositions agree with the phenomena which 
nature presents to ua, For this purpose, we must 
both carefully observe the phenomena, and steadily 
trace the consequences of our assumptions, till we can 
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bring the two into comparbou. The Conceptions which 
our hypotheses involve, being derived &om certain 
Fiuulameutal Ideaa, afford a ba^is of rigoroua reasoning, 
a« we have showu in the Books of the iHstory of those 
Ideas. And the results to which this reaaoning leads, 
will be susceptible of being verified or contradicted by 
obaervatioD of the fects. Thus the Epicyclical Theory 
of the ATooo, once assumed, determined what the 
moon's place among the stars ought to be at any given 
time^ and could therefore be tested by actually observ- 
ing the moon's places. The doctrine that musical 
.slriugH of the same length, stretched with weights of 
I, 4, 9, 16, would give the musical intervals of an oc- 
tave, ^ fifth, a fourth, in succession, could be put to the 
trial by any one whose ear was capable of appreciating 
those intervals ; and the inference which follows from 
this doctrine by numerical reasoning, — that there must 
be certain imperfections in the concords of every mu- 
sical scale, — could in lite manner be coufirmed by try- 
ing various modes of Temperament. In like manner 
all received theories in science, up to the present time, 
liave been eeteblished by taking up some supposition, 
and comparing it, directly or by means of its remoter 
consequences, with the facts it was intended to embrace. 
Its agreement, under certain cautions and conditions, 
of which we may hereafter speak, is held to be the evi- 
dence of ita truth. It answers its genuine purpose^ 
the Colligation of Facts, 

12. When we have, in any subject, succeeded in one 
attempt of this kind, and obtained some true Bond of 
Unity by which the phenomena are held together, the 
subject is open to further prosecution; which ulterior 
process nuiy, for the most part, be oonducted in a more 
fonnal and technical manner. The first great outline 
of the subject is drawn; and the finishing of the re- 
semblance of nature demands a more minute pencilling, 
but perhaps requires less of genius in the master. In 
the iiuitsuance of this task, rules and precepts may be 
given, and features and leading circumstances pointed 
out, of which it may often be uscftil to the inquirer to 
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Before proceeding further, I shall speak of some 
characteristic marks which belong to such scientific 
processes as are now the subject of our consideration, 
and which may sometimes aid us in determining when 
the task has been rightly executed. 



CHAPTER V. 

Ov Cektain Chabacteristics of Scientific 



Af HORISU X. 

The process of seienliju; discovery is cautimia and rigorous, 
not by absCaimnfi from hypotheses, but by rigorously eom- 
paring hypotheses wUh fonts, and by resolutely rr^eetmg all 
which the comparison does not coTifirm. 

Aphobisit XI. 

Hypotheses may he taefal, though involving much that i» 

tuperfiucms, and even erroneous! for they may supply ih« 

trae bond of connexion of the facts; and the svperfiuity and 

errour may afterwards bt pared away. 

Aphorism XII. ' 

It is a lest oftT-M theories not only to account for, but to 
predict pjienomena. 

Aphorism XIII. 
Induction is a term applied to describe the process of a 
true Colligation of Facts by means of an exact and appro- 
priate Conception. An Induction is also employed to denote 
the propositioQ uihich results froin this process. 

Aphorism XIV. 

The Consilience of Inductions takes place when t 

Induction, obtained from one class of facts, coincides with 

an Induction, obtained from another different class. This • 
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Cotisilienee ii a teat of the truth of the Theory in which it 



Aphokism XV. 
An Induction it not the mere sum of the Facta uihick are 
eoUigated. The Facit are not only brought together, bat seen 
in a new point of view. A new mental Element i$ super' 
induced ; and a peculiar conttitution and discipline of mind 
are requisite in order to make this Induction. 

Aphoiubm SVI. 
Although in Every Indaetion a new conception is super- 
induced upon tJie Facts; yet this once effectually done, the 
■novelty of tlie cojioepfton is overlooked, and the conception is 
considered as a part of the fact. 

Sect, L— /wremft'(?w a part of Induction. 

1. fTlHE two operations spoken of in the preceding 
X chapters, — the Explication of the Conceptions 
of our own minds, and the Colligation of observed Facta 
hy the aid of auch Conceptions, — are, as we have just 
said, inseparably connected with each other. When 
united, and employed in collecting knowledge from the 
phenomena which the world presents to us, they con- 
stitute the mental process of Induction ; which is iwn- 
ally and justly spoken of as the genuine source of aJl 
our real genera/, hiundedge respecting the external 
world. And we see, frora the preceding analysis of 
this process into its two constituents, from what origin 
it derives each of its characters. It is real, because it 
arises &om the combination of !Eeal Facts, but it is 
general, because it implies the possession of Genei'al 
Ideas. Without the former, it would not be know- 
ledge ofnthe External World; without the latter, it 
would not be Knowledge at all. When Ideas and 
Facts are separated from each other, the neglect of 
Facts gives rise to empty siteculations, idle subtleties, 
visionary inventions, false opinions concerning the laws 
of phenomena, disregard of the true aspect of nature : 
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while the want of Ideas leaves the mind overwhelmed, 
bewildered, and stupified by particular sensations, with 
110 means of connecting the past with the future, the 
absent with the present, the example with the rule; 
open to the impression of aU appearances, but capable 
of appropriating none. Ideas are the Form, &ct8 the 
Malm-vd, of our structura Knowledge does not » 
sist in the empty mould, or in the brute mass of m 
ter, but in the rightly-moulded substance. Induction ' 

■ gathers general truths from particular facts ; — and in , 
her harvest, the com and the reaper, the solid ears and ] 
the binding band, are alike requisite. All our know- 
ledge of nature is obtained by Induction ; the term | 
being understood according to the explanation we have , 
now given. And our knowledge is then most com- 
plete, then most truly deserves the name of Science 
when both its elements are most perfect ;— when the I 
Ideas which have been concei'ned in its formation bav^ 
at every step, been clear and consistent; and when 
they have, at every step also, been employed in bind- 
ing together real and certain Facts. Of such Induc- 
tion, I have already given so many examples and iJlua- 
trationa in the two preceding chapters, that I need not 
now dwell further upon the subject 

3. Induction is familiarly spoken of as the process 

, by which we collect a General FropoaUion from a num- 
ber of Partictdar Cases : and it appeal's to be fre- 
quently imagined that the general proposition results 
from a mere justa-position of the cases, or at most, from 
merely conjoining and extending them. But if we 
consider the process more closely, as exhibited in the 
cases lately spoken of, we shall perceive that this is an 
inadequate account of the matter. The particular 
facts are not merely brought together, but there is a 
New Element added to the combination by the very 
act of thought by which they are combined. There is 
a Conception of the mind introduced in the general 
proposition, which did not exist in any of the observed 
factfl. "When the Greeks, after long observing the 
motions of the planets, saw that these motions might 
be rightly considered as produced by the motion of one 



CHARACTERISTICS OP SCIENTIFIC INDUCTION. 73 

wheel revolving in the inside of another wheel, these 
Wheels were (S-esitions of their minds, added to the 
Facts which they perceived by sense. And even if the 
wheels were no longer euppoaed to be material, but 
were reduced to mere geometrical spheres or circles, 
they were not the lesa products of the mind alone, — 
something additional to the facts observed. The same 
is the case in all other discoveries. The facts are 
known, but they are insiUatod and unconnected, till 
the discoverer suppUea from his own stores a Principle 
of Connexion. The pearls are there, but they will not . 
hang together till some one provides the String. The 
distances and periods uf the planets were all so many 
separate facts; by Kepler's Third Law they are con- 
nected into a single truth ; but the Conceptions which 
this law involves were supplied by Kepler's mind, and 
without these, the facts were of no avaiL The planets 
described ellipses round the son, in the contemplation 
of others as well as of Newton ; but Newton conceived 
the deflection from the tangent in these elliptical mo- 
tions in a new light,— ae the etfect of a Ceutral Force 
following a certain law ; and then it was, that such a 
force WHS discovered truly to exist. 

Thus' in each inference made by Induction, there is 
introduced some General Conception, which is given, 
not by the phenomena, but by the mind. The con- 
clusion is not contained in the premises, but includes 
them by the introduction of a New Generality. In 
order to obtain our inference, we travel beyond the 
cases which we have before us; we consider them as 
mere exemplifications of some Ideal Case in which the 
relations are complete and intelligible. We take a 
Standard, and measure the ia«t8 by it ; and this 
Standard is constructed by us, not ofl'ered by Nature. 
We assert, for example, that a body left to itself wiU 
move on with unaltered velocity ; not because our 
senses ever disclosed to us a body doing this, hut be- 
cause (taking this as our Ideal Cose) we find that all 
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actual oasea are intelligible and explicable by means of 
the Conception of Forces, causing change and motion, 
and exerted by surronnding bodiea. la like manner, 
we see bodies striking each other, and thus moving and 
stopping, accelerating and retarding each other: bat 
in fJl this, vie do not perceive by our senses that 
abstract quantity, Mojnentum, whicli is always lost by 
one body as it is gained by another. This Momentum 
is a creation of the mind, brought in among the facta, 
in order to convert their apparent confusion into order, 
their seeming chance into certainty, their perplexing 
variety into simplicity. This the Conception of Mo- 
mentum gained and lost does t and in like manner, in 
any other case in whicli a truth is established by In- 
duction, some Conception is introduced, some Idea is 
applied, as the means of binding together the fact^ 
and thus producing the truth. 

3. Hence in every inference by Induction, there is 
some Conception auperind'ueed upon the Facts: and 

, we may henceforth conceive this to be the peculiar 
import of the tenn Induciicm. I am not to be under- 

' atood as asserting that the term was originally or 
anciently employed with this notion of its meaning ; 
for the peculiar feature just pointed out in Induction 
has generally been overlooked. This appears by the 
accounts generally given of Induction. ' Induction," 
says Aristotle', 'is when by means of one extreme 
term ' we infer the other extreme term to be true of 
the middle term.' Thus, (to take such exemplifications 
as belong to our subject,) from knowing that Mercury, 
Venus, Mars, describe ellipses about the Sun, we infer 
that all Planets describe ellipses about the Sun In 
making this inference syllogiatically, we assume that 
the evident praposition, ' Mercury, Venus, Mars, do 
■what all Planets do,' may be taken conversely, 'All 
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Planets do what Mercury, Venus, Mars, do.' But we 
may remark that, in this paaaage, Aristotle (as was 
natural in his line of diucussion) turns his attention 
entirely to the evideitce of the inference ; and overlooks 
a step which is of far more importance to our know- 
ledge, namely, the invention of the second extreme 
term. In the above instance, the particular luminaries. 
Mercury, Venus, Mars, are one logical Etxireme; the 
general designation Planets is the Middle Term; but 
having these before us, how do we come to think of 
description of eUipseg, which is the other Extreme 
of the syllogism) When we have once invented this 
'second Extreme Term,' we may, or may not, be satis- 
fied with the evidence of the syllogism; we may, or 
may not, be convinced that, so far aa this pro])erty 
goes, the extremes are co-extensive with the middle 
term*; but the etaieineiit of the syllogism ia the im- 
portant step in science. We know how long Kepler 
laboured, how hard he fought, how many devices be 
tried, before he hit upon this Term, the Elhptical 
Motion, He rejected, as we know, many other 'second 
extreme Terms," for example, various combinations of 
epioyclical constructions, because they did not represent 
with sufficient accuracy the special facts of observa- 
tion. When he had established his premiss, that 'Mars 
does describe an Ellipse about the Sun,' he does not 
hesitate to guesa at least that, in this respect, he might 
convert the other premiss, and assert that ' All the 
Planets do what Mara does.' But the main business ' 
was, the inventing and verifying the proposition re- 
specting the Ellipse. The Invention of the Conception 
was the great step in the discovery; the Veiification of 
the Proposition was the great step in the proof of the 
discovery. If Logic consists in pointing out the con- 
ditions of proof, the Logic of Induction must consist in 
showing what are the conditions of proof, in such infer- 
ences im this ; but this subject must be pursued in the 
next chapter; I now speak principally of the act of 
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Invention, wliich la requisite in every inductive 10 
fereiioe. 

4. Although in every inductive inference, an act of 
invention is requisite, the act soon slips out of notice. 
Although ■we bind ti^ether fecta by superinducing 
upon them a, new Conception, this Conception, once 
introduced and applied, is looked upon as inseparably 
connected with the facts, and necessarily implied in 
them. Having once had the phenomena bound to- 
gether in their minds in virtue of the Conception, men 
can no longer easily restore them back to the detached 
and incoherent condition in which they were before 
they were thus combined. The pearia once strung, 
they seem to fonn a chain by their nature. Induction 
has given them a unity which it is so far from coating 
U8 an effort to preserve, that it requires an effort to 
imagine it dissolved. For instance, we usually repre- 
sent to ourselves the Earth as round, the Earth and 
the Planets as reoolving about the Sun, and aa drawn 
to the Sun by a Central Force; we can hardly under- 
stand how it could cost the Greeks, and Copernicus, 
and Newton, so much pains and trouble to arrive at a 
view which to us is so familiar. These are no longer 
to us Conceptions caught hold of and kept hold of by 
a severe struggle; they are the simplest modes of con- 
ceiving the facts; they are really Facts. We are will- 
ing to ouin our obligation to those discoverers, but we 
hardly fed it : for in what other manner (we ask in 
oui' thoughts) could we represent the fects to our- 
selves 1 

Thus wc see why it is that tliis step of which we 
now speak, the Invention of a new Conception in 
every inductive inference, is so generally overlooked 
that it has hardly been noticed by preceding philoso- 
phers. When once performed by the discoverer, it 
takes a fixed and permanent place in the understanding 
of every one. It is a thought which, once breathed 
forth, permeates all men's minds. All fancy they 
nearly or quite knew it before. It oft was thought, or 
almost thought, though never till now expressed. Men 
accept it and retain it, and know it cannot be taken 
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from ttem, and look upon it as their own. Thay will not 
and cannot part with it, even though they may deem 
it trivial and obrious. It is a secret, wliicli once 
uttered, cannot be recalled, even though it be despised 
hy thoae to whom it is imparted. As soon as the lead- 
ing term of a new theory has been pronounced and 
underatood, all the phenomena change their aspect. 
There is a standard to which we cannot help referring 
them. We cannot fall back into the helpless and 
bewildered state in which we gazed at them when we 
possessed no principle which gave them unity. Eclipses 
arrive in mysterious confusion ; the notion of a Gyele 
dispels the mystery. The Planets perform a tangled 
and mazy dance; but Epicycles reduce the maze to 
order. The Epicycles themselves run into confusion ; 
the conception of an Ullipee makes all clear and simple. 
And thus from stage to stage, new elements of intel- 
ligible order are introduced. But this intelligible order 
is BO completely adopted by the human understanding, 
as to seem part of its texture. Men ask Whether 
Eclipses follow a Cycle; Whether the Planets describe 
EUipses; and they imagine that so long as they do uot 
OMswer Bueh questions rashly, they take nothing for 
granted. They do not i-ecollMt how much they assume 
in asking the question : — how fer the coneepttona of 
Cycles and of Ellipses are beyond the visible sui'faee of 
the celMtial phenomena ;— how many ages elapsed, 
how much thought, how much observation, were 
needed, before men's thoughts were fashioned into the 
words which they now bo familiarly use. And thus 
they treat the subject, as we have seen Aristotle treat- 
ing it; as if it were a question, not of invention, but 
of proof; not of substance, but of form : as if the main 
thing were not what we assert, hut hoto we assert it. 
But for our purpose, it is requisite to bear in mind the 
feature which we have thus attempted to mark ; and 
to recollect that, in every inference by induction, there 
is a Conception supplied by the mind and superinduced 
upon the Facts. 

5. In collecting scientific truths by Induction, wo 
often find (aa has ali'eady been observed) a Definition 
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and a Propoaition established at the same time, — in- 
troduced together, and miituftlly dependent on each 
other. Tlie combination of the two eonatitutea the 
luductire net; and we may consider the Definition as 
representing the superinduced Conception, and the 
Propoaition aa esMbiting the Colligation of Facts. 



Sect, II, — Uk of Hypothesee. 

6. To discover a Conception of the mind which will 
justly represent a train of observed facts ia, in some 
measure, a pixjcesa of conjecture, aa I have stated tA.- 
ready; and as I then observed, the buainess of conjee- 
ture is commonly conducted by calling up before 
minds several suppositions, and selecting that one whioli 
most agrees with what we know of the obsei-ved facta... 
Hence he who has to discover the laws of nature may 
have to invent many suppositions before he hits upon. 
the right one; and among the endowments which lead 
to his success, we must reckon that fertility of ixiven> 
tion which ministers to him such imaginary schemes, 
tUl at loat be finds the one which conforms to the true 
order of nature. A facility in devising hypothesea, 
therefore, ia bo far ^m being a fault in the intellec- 
tual character of a discoverer, that it is, in truth, a. 
faculty indispensable to hia task. It is, for his pur- 
poses, much better that be should be too ready in con- 
triving, too eager iu pursuing systems which promise 
to introduce law and order among a mass of luarrangcd 
facta, than that he should be barren of such inventions 
and hopeless of such success. Accordingly, as we have 
already noticed, great discoverei* have often invented 
hypotheses which would not answer to all the iacts, as 
well as, those which would; and have fancied them- 
selves to have discovered laws, which a more careful 
examination of the facts overturned. 

The tendencies of our apeculative nature', canying 

• 1 here U^iB the lllwrtr nf chusc- the Hlatorr or SdeoM, I bat om- 
lariilng Inventive mliiilB in |i<nBisl pinyeil Id nrereoce to puticulur <^i- 
Jd the umfl phnseologj which, In unplu. Them expnBslDDH nrc what 
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U8 onwards in pursuit of ayiaiiietry and rule, and tlius 
producing all true theories, perpetually show their 
vigour by overshooting the mark. They obtain some- 
thing, by aiming at much more. They detect the order 
and connexion which exist, by conceiving imaginary 
relations of order and connexion which have no exist- 
ence. Beal discoveries are thus mixed with baseless 
assiunptions; profound sagacity is combined with fan- 
ciful conjecture; not rarely, or in peculiar instances, 
but commonly, and in most cases; probably in all, if we 
could 1-ead the thoughts of discoverers as we read the 
hooka of Kepler. To try wrong guesses is, with most 
persons, the only way to hit upon right ones. The 
character of the true philosopher is, not that he never 
conjectures haaardously, but that his conjectures are 
clearly conceived, and brought into rigid contact with 
&cts. He sees and compares distinctly the Ideas and 
the Things; — the relations of hia notions to each other 
and to phenomena. Under these conditions, it is not 
only excusable, but necessary for him, to snatch at 
every semblance of general rule, — to try all promising 
forma of simplicity and symmetry. 

Hence advances in knowledge^ are not commonly 
made without the previous exerciae of some boldness 
and license in guessing. The discovery of new truths 
requires, undoubtedly, minds careful and acmpuloua in 
examining what is suggested; but it requires, no less, 
such as are quick and fertile in suggesting. What is 
Invention, except the talent of rapidly calling before us 
the many possibilities, and selecting the appropriate 
one? It is true, that when we have rejected all the 
inadmissible suppositions, they are often quickly for- 
gotten ; and few think it necessary to dwell on these 
discarded hypotheses, and on the process by which they 
were condemned. But all who discover truths, must 
have reasoned upon many erroura to obtain each trath; 
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ercry accepted doctrine nmst hare been one 
oat of nanf candidates. If many of the gn 
[duJoeophers of bygone times now appear fimciful and 
absurd, because time and obserration have refuted tliem, 
others, which were at the time equally giatuitona, have 
been confirmed in a maimer which makes them appear 
marvellouslj aagacioas. To form hypotheses, and then 
to employ much labour and eldll in refuting them, if 
I they do not succeed in establishing them, is a part of 
the usual process of inventive '"'t"!" Such a proceed- 
ing belongs to the rule of the genina of diicoveiy, 
rather than (sa has often been taught in modem times) 
to the exeepiion. 

7. But if it be an advantage for the discoverer of 
truth that he be ingenious and fertile in inventing 
hypotheses which may connect the phenomena of na- 
tore, it in indispensably requisite that he be diligent 
and careful iu comparing his hypotheses with the &cts, 
and ready to abandon his invention as soon as it ap- 
pears that it does not agree with the course of actual 
occurrences. This constant comparison of Lis own 
conceptions and supposition with observed iacts under 
all aapecta, forms the leading employment of the dis- 
coverer: this candid and simple love of truth, which 
makes him willing to suppress the most favourite pro- 
duction of his own ingenuity as soon as it appears to 
be at variance with realities, constitutes the first cha- 
racteristic of his temper. He must have neither the 
blindness which cannot, nor the obstinacy which will 
not, perceive the discrepancy of his fancies and his 
fecta. He must allow no indolence, or partial views, 
or self-complacency, or delight in seeming demonstra- 
tion, to make him tenacious of the schemes which he 
devises, any further than they are confirmed by their 
accordance with nature. The framing of hypotheses 
is, for the inquirer after truth, not the end, but the 
beginning of his work. Each of his systems is in- 
vented, not that he may admire it and follow it into 
all its consistent consequences, but that he may make 
it the occasion of a course of active experiment and 
observation. And if the resulta of this process contr»- 
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diet his fundamental assumptions, however lugenious, 
however symmetrical, however elegant his system may 
be, he rejects it without heaitation. He allows no 
natural yearning for the offspring of his own mind to 
draw him aside from the higher duty of loyalty to his 
sovereign, Truth; to her he not only givea Ins affec- 
tions BJid td» wishes, but strenuous labour and scrupu- 
lous minuteness of attention. 

We may refer to what we have said of Kepler, New- 
ton, and other eminent philosophers, for illustrations 
of this character. In Kepler we have remarked' the 
courage and perseverance with which he undertook and 
executed the task of computing his own hypotheses: 
and, as a still more admirable characteristic, that he 
never allowed the labour he had spent upon any con- 
jecture to produce any reluctance in abandoning the 
hypothesis, as soon as he bad evidence of its inac- 
curacy. And ia the history of Newton's discovery 
that the moon is retained in her orbit by the foree of 
gravity, we have noticed the same moderation in main- 
taining the hypothesis, after it had once occurred to 
the author's mind. The hypothesis required that the 
moon should fall from the tangent of her orbit every 
second through a space of sixteen feet; but according 
to hia first calculations it appeared that in fact ahe only 
fell through a space of thirteen feet in that time. The 
difference seems small, the approximation encouraging, 
the theory plausible ; a man in love with his own fan- 
cies would readiiy have discovered or invented some 
probable cause of the difference. But Newton acqui- 
esced in it as a disproof of his conjecture, and 'Wd 
aside at that time any further thoughts of this matter'.' 

8. It has often happened that those who have under- 
taken to instrnct mankind have not possessed thw pure 
love of truth and comparative indifference to the main- 
tenance of their own inventions. Men have frequently 
adhered with great tenacity and vehemence to the hy- 
potheses which they have once fi'ajued; and in theii- 



affection for thes«, have been prone to overlook, to dis- 
tort, and to misinterpret facts. In this manner, Hypo- 
tkese» have ho often been prejudicial to the genuine 
pursuit of truth, that the^ have fallen into a bind of 
obloquy ; and hare been, considered as dangerous temp- 
tations and fallacious guides. Many warnings have 
been uttered against the febrication of hypotheses, by 
thosewhoprofessto teach philosophy; many disclaimers 
of anch a course by those who ciitivate science. 

Thus we shall find Bacon frequently discommending 
tfaishabi^ nnderthenameof anticipation, of the mind,' 
and Newton thinks it necessary to say emphatically 
'hypotheses non tingo,' It has been constantly urged 
that the inductions by which sciences ore formed must 
be cautimtg and rigoroua; and the various imaginations 
which passed through Kepler's brain, and to which be 
has given utterance, have been blamed or pitied, as 
lamentable instances of an unphilosophical frame of 
mind. Yet it has appeared in the preceding remarks 
that hypotheses rightly used are among the helps, £u- 
more than the dangers, of science ; — that scientific in- 
fduction is not a 'cautious' or a 'rigorous' process in 
I the sense of abatainiTig Jrom such suppositions, hut in 
]' nol adiiering to them till they are confirmed by fiiot, and 
.' in carefully seeking irom facta confirmation or refiita- 
I tion. Kepler's distinctive character was, not that he was 
peculiarly given to the construction of hypotheses, but 
that he narrated with extraordinary copiousness and 
candour the course of his thoughts, his labours, and 
his feelings. In the minds of most per»}ns, aswe have 
said, the inadmissible suppositions, when rejected, are 
soon forgotten: and thus the trace of them vanishes 
from the thoughts, and the successful hypothesis alone 
holds its place in our memory. But in reality, many 
other transient suppositions must have been made by 
all discoverers; — hypotheses which are not afterwards 
asserted as true systems, but entertained for an in- 
stant; — 'tentative hypotheses,' as they have been 
called. Each of these hypotheses is foUowed by its 
coiTesponding train of observations, from which it de- 
rives its power of leading to trutlu The hypothesis is 
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like the captain, and the observations like the aoldiera 
of an army ; while he appears to command them, and 
in this way to work hia own will, he does in fact derive 
all hia power of conquest from their obedience, and be- 
comes helpless and naeleas if they mutiny. 

Since the diacoverer has thus constantly to work his 
way onwards by means of hypotheses, false and true, 
it ia liiglily important for him to possess talents and 
means for rapidly testing each auppoaitioii as it offers 
itself. In this as in other parts of the work of disco- 
very, success has in general been mainly owing to the 
native ingenuity and sagacity of the discoverer's mind. 
Yet some fiulea tending to further this object have 
been delivered by eminent philosophers, and some 
others may perhaps be suggested. Of these we shall 
here notice only some of the most general, leaving for 
a future chapter the consideration of some moi-e 
limited and detailed processes by which, in certain 
caaea, the discovery of the laws of nature may be 
materially asaiateti 



Sect. Ill,— Tes^s 0/ IlypoHiesea. 

9. A maxim which it may be useful to recollect is 
this ; — that hi/poikeses may often he nf seriiioe to science, 
when they involve a certain portion of ineompla&m»a, 
m\d even o/errour. The object of such inventions is to 
bind tt^ether fecta which without them are loose and 
detached; and if they do this, they may lead the way 
to a perception of the true rule by which the pheno- 
mena are associated together, even if they themselves 
somewhat misstate the matter. The ima^;iiied arrange- 
ment enablea ns to contemplate, as a whole, a collection 
of special caaea which perplex and overload our miuda 
when they are considered in succession; and if our 
scheme has so much of truth in it as to conjoin what ia 
really connected, we may afterwards duly correct or 
limit the mechanism of this connexion. If our hypo- 
thesis renders a reason for the agreement of caaea 
really similar, we may afterwards lind this reason to be 
0—3 
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falae, but wn aliall be a,\Ae to translate it into the laib" 
guage of truth. 

A conspicfloua example of auch an hypothesis,— 
■which ■was of the highest value to science, though verj* j 
incomplete, and as a represeutation of nature altc^ 1 
gether false, — ia seen in the Doctrine of epicydes by"J 
which the ancient aatronomere explained the motioB«r^ 
of the aun, moon, and planets. This doctrine coii:< J 
nected the places and TClocities of these bodies at par- 
ticular times in a manner which was, in its general 
features, agreeable to nature. Yet this doctrine was 
erroneous in its assertion of the circulwr nature of all 
the celestial motjona, and in making the heavenly 
bodies revolve round the earth. It ■was, however, (^.h 
immense value to the progress of astronomical sciencej, j 
for it enabled men to express and reason upon many 
important truths which they discovered re.ipectiiig the 
motion of the stars, up to the time of Kepler. Indeed 
■we can hardly imagine that astronomy could, in its 
outset, have made so great a pixigress under any other 
form, as it did in consequence of being cultivated in 
this shape of the incomplete and false epicyclical kypo- 
tJmins. 

We may notice another instance of an exploded 
hypothesis, which ia generally mentioned only to be 
ridionled, and which ■undoubtedly is both false in the 
extent of its assertion, and unphilosophical in its 
expression; but which still, in its day, was not -with- 
out merit I mean the doctrine of Natures horrour 
of a vacuum (Jvjja, vacui), by which the action of 
siphons and pumpa and many other phenomena were 
explained, till Meraeune and Pascal taught a truer 
doctrine. This hypothesis was of real service; for it 
brought together many facts which really belong to 
tlie same class, aithough they are very different in their 
lirst aspect. A scientific writer of modem times' aji- 
])ears to wonder that men did not at once divine the 
weight of the air, from which the phenomena formerly 
ascribed to thefuya vacui really result. 'Loaded, com- 
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pressed hy tlie atmoBphere,' he says, 'they did not 
recognize its action. In vain all nature testified that 
air was elastic and heavy ; they shut their eyes to her 
testimony. The water rose in pumps and flowed in 
siphons at that time, as it does at this day. They 
could not separate the boards of a pair of lieliows of 
Tvhich the holes were stopped; and they could not 
bring together the same boards without difficulty, if 
they were at first separated. Infants sucked the milk 
of their mothers; air entered rapidly into the lungs 
of animals at every inspiration; cnpping-glaases pro- 
duced tumours on the skin; and in spite of all these 
striking proofe of the weight and elasticity of the air, 
the ancient philosophers maintained resolutely that air 
was light, and explained all these phenomena by the 
horrour which they said nature had for a vacuum.' 
It is curious that it should not have occnrred to the 
author while writing this, that if these facte, ho nu- 
merous and various, can all be accounted for by one 
principle, there is a strong presumption that the prin- 
ciple is not altogether baseless. And in reality is it 
not true that nature does abhor a vacuum, and does all 
she can to avoid it! No doubt this power is not un- 
limited ; and moreover we can trace it to a mechanical 
cause, the pressure of the circumambient air. But the 
tendency, arising from this pressure, which the bodies 
surrounding a space void of air have to rush into it, 
may be expressed, in no extravagant or unintelligible 
, by saying that nature has a repugnance to a 



That imperfect and false hypotheses, though they 
may thus explain tome phenomena, and may be useful 
in the progress of science, cannot explain all pheno- 
mena; — and that we are never to rest in o\ir labours 
or acquiesce in our results, till we have found some 
view of the subject which is consistent with all the ob- 
served facts ; — will of course be understood. We shall 
afterwards have to speak of the other steps of such a 
progress. 

10. Thus the hypotheses which we accept ought to 
explain phenomena which we have observed. But they 



ought to do 
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at least all phi 
the hypotheaii 
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than this: our hypotheses ought ti^l 
which have not yet been observed jyf 
of the same kind as those which \ 
invented to explai 
nplies that it is held to be true of all-" 
That these cases belong to past oi 



to future times, that they have or have not already 
occurred, makes no difference in the applicability of the 
rule to them. Because the rule prevails, it includes all 
' cases ; and will determiue them all, if we can only c^- 
oulate its real consequences. Hence it will predict the i 
results of new combinations, as well as explain the ap-.j 
pcarances which have occurred in old ones. And that 
it does this with certainty and correctness, is one mode 
in which the hypotheais ia to be verified as right and 
useful. 

The scientific doctrines which have at various periods 
been established have been verified in this manner. 
For example, the Epkydical Theory of the heavens 
was confirmed by its predicting truly eclipses of the 
sun and moon, configurations of the planets, and other 
celestial phenomena; and by its leading to the con-* 
Btruction of Tables by which the places of the heavenly 
bodies were given at every moment of time. The truth 
and accuracy of these predictions were a proof that tiia 
hypothesis was valuable, and, at least to a great extent, 
true; although, aa was afterwards found, it involved a 
Mse representation of the structure of the heavens. 
In like manner, the discoveiy of the Laws of Refrac' 
tion enabled mathematicians to predict, by calculation, 
what would be the efiect of any new form or combina- 
tion of transparent lenses. Newton's hypotheais of 
Fita of Eaty Transmission and Easy Reflection in the 
particles of light, although not confirmed by other 
kinds of facts, involved a true statement of the law of 
the phenomena which it was framed to include, and 
served to predict the forms and colours of thin plates 
tor a wide range of given cases. The hypothesis that 
Light operates by Undulatuxna and Interfereacea, af- 
forded tlie means of predicting results under a still 
larger extent of conditions. In like manner in the 
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progress of chemical knowledge, the doctrine of F/ilo- 
giston supplied the meaii3 oi foreteeing the consequence 
of many combinations of elements, even before they 
were tried; but the Oxygen Theory, heaidea affording 
predictions, at least equally exact,- with regard to the 
general results of chemicBl operations, included all the 
feiCta concerning the rolationa of weight of the elements 
and their compoundB, and enabled chemists iaforoaee 
such facts in nntried cases. And the Theory of Electro- 
Titagnelie Forcas, ba soon as it was rightly understood, 
enabled those who had mastered it to predict motions 
such as had not been before observed, which were ac- 
cordingly found to take place. 

Men cannot help believing that the laws laid down 
by discoverers must be in a great measure identical 
with the real laws of nature, when the discoverers thus 
detei'mine effects beforehand in the same manner in 
which nature herself determines them when the occa- 
sion occurs. Those who can do this, must, to a con- 
siderable extent, have detected nature's secret ; — must 
have fixed upon the conditions to which she attends, 
and must have seized the rules by which she applies 
them. Such a coincidence of untried ftcts with specu- ' 
iative assertions cannot be the work of chance, but im- ' 
plies some largo portion of truth in the principles on ■ 
which the reasoning is founded. To trace order and 
law in that which has been observed, may be considered 
as interpreting what nature has written down for us, 
and will commonly prove that we understand her 
alphabet. But to predict what has not been observed, 
is to attempt ourselves to. use the legislative phrasee of 
nature; and when she responds plainly and precisely 
to that which we thus utter, we cannot but suppose 
that we have in a great measure made ourselves mastersi 
of the meaning and structure of her kinguflge. The 
prediction of results, even of the same kind as those 
which have been observed, in new cases, is a proof of 
real success in our inductive processes. 

II. We have here spoken of the prediction of 
facta of the same kind as tliose from which our rule 
was collected. But the evidence in favour of our 
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indaction. is of a much higher and more forcible cho-.l 
racter when it enables us to explain and determinaJ 
cases of a kind different from those which were cott- ] 
templated in the formation of our hypothesis. The ! 
inBtances in which thia has occurred, indeed, impress ' 
H3 with a conviction that the truth of our hypothesis 
is certain No accident could giYe rise to suoh an 
extraord na a den e. No false supposition could, 

after bei g adju tit ne class of phenomena, esactl; 
represent a I ff nt lass, where the agreement ^ 
unforese n a d uncont n plated. That rules springing I 
from ren t a d un nnected quarters should thuS' I 
leap to tb sam p t can only arise from f^iM beingf J 
the point where truth resides. I 

Accordingly the cases in which inductions from \ 
classes of facts altogether different have ttus jvmped \ 
togel/ier, belong only to the best established theorie* -J 
which the history of science contains. And as I aliaU / 
have occasion to refer to this peculiar feature ii 
evidence, I will take the liberty of describing it by a 1 
particular phrase; and will term it the ConsUience ^*J 
Inductioria. 

It is exemplified principally in some of the greatest J 
discoveries. Thus it was found by Newton that the J 
doctrine of the Attraction of the Sun varying accord- " 
ing to the Inverse Square of this distance, which ex- ' 
plained Kepler's Third Law, of the proportionality of I 
the cubes of the distances to the squares of the periodic 1 
times of the planets, explained also his First taxA 
Second Laiwa, of the elliptical motion of each planet; 
although no connexiou of these laws had been visible 
before. Again, it appeared that the force of Universal 
Gravitation, which had been inferred fi-om the Pertur- 
hatiom of the moon and planets by the sun and by 
each other, alwj accounted for the fact, apparently 
altogether dissimilar and remote, of the Preeesdon fif 
the e(pdnoxEa. Here was a most striking and sur- 
priaing coincidence, wliich gave to the theory a stamp 
of truth beyond the power of ingenuity to counterfeit. 
In like manner in Optics; the hypothesis of alternate 
Fits of easy Transmission and Beflection would explain I 
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the colours of thin plates, and indeed was devised and 
adjusted for that Tery purpose; hut it could give no 
account of the phenomena of the fringes of shadows. 
Bat the doctrine of Interferences, conatmcted at first 
with reference to phenomena of the nature of the 
i'ViKjes, explained also the Co/ojir« of thin plates better 
than the supposition of the Fits invented for that very 
purpose. And we have in Physical Optics another 
example of the same kind, which is quite as striking 
as the explanation of Precession by inferences from the 
facts of Perturbation. The doctrine of Undulations 
propagated in a Spheroidal Form was contrived at fii'st 
by HuygheuB, with a view to explain the lawa of 
Double Refraction in calo-spar; and was pursued with 
the same view by Fresnel But in the course of the 
investigation it appeared, in a most unexpected and 
wonderful manner, that this same doctrine of sphe- 
roidal undulations, when it waa so modified as to 
account for the directions of the two refracted rays, 
accounted also for the positions of their I'lafieg of 
PolarizatiDn"' ; a phenomenon which, taien by itself, 
it had perplexed previous mathematicians, even to 
represent. 

The Theory of Universal Gravitation, and of the 
Undulatory Theoiy of Light, are, indeed, full of exam- 
plea of this Consilience of Inductions, With regard to 
the Iatt«r, it has been justly asserted by Herachel, that 
the history of the undulatory theory was a succession 
ot felicities". And it is precisely the unexpected coin- 
cidences of results drawn from distant parts of the 
subject which are properly thus described. Thus the 
Laws of the Modijication of polarisation to which 
Fresnel was led by his general views, accounted for 
the Bule respecting the Angle at whidi light is polar^ 
ieed, discovered by Sir D. Brewster". The concep- 
tions of the theory pointed out peculiar Modifications 
of the phenomena when Nevjton's rings were produced 
by polarised light, which modifications were ascer- 
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buned to take place in fact, by Arego and Aiiy". 
When the beautiful phenomena of Dipolarized light 
were discovered by Arago and Biot, Young was able 
to declare that they were reducible to the general laws 
of Interference which he had already established". 
And what was no less Gtriking a confimiatloa of the 
truth of the theory, Jdeagares of the same element 
deduced from yarious classes of iacts were found to 
coincide. Thus the Length of a lumiuiferous undu' 
lation, calculated by Young from the measurement 
Fringes of shadows, was found to agree very nearl] 
with the previous calculation from the colours of 77 " 

!No example can be pointed out, in the whole his- 
tory of science, eo £ir as I am aware, in which this 
Consilience of Inductions has given testimony in 
favour of an hypothesis afterwards discovered to be 
false. If we t^e one class of facta only, knowing the 
law which they follow, we may constiiict an hypothe- 
sis, or pei'hapa several, which may represent them : 
and as new circumstances are discovered, we may often 
adjust the hypothesis so as to correspond to these also. 
But when the hypothesis, of itself and without adjust- 
ment for the purpose, gives us the rule and reason of a 
class of facts' not contemplated in its construction, we 
have a criterion of its reality, which has never yet 
been produced in favour of iaisehood. 

13. In the preceding Article I have spoken of the 
hypothesis with which we compare our iacts as being 
fnuned all at once, each of its j^iarts being included in 
the origin^ scheme. In reality, however, it often hap- 
pens that the various supjwsitions which our system 
contains are added upon occasion of different i-e- 
searches. Thus in the Ptolemaic doctrine of the hea- 
vens, new epicycles and eccentrics were added as new 
inequalities of the motions of the heavenly bodies were 
discovered; and in the N^ewtonian doctrine of mate- 
rial rays of light, the supposition that these rays had 

" See ifist Jiid. St b. is. c. JUL Jwd. 6, 
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' fits,' wna added to explaia tlie coloura of thin platea; 
aud the supposition that they Jmd ' sides' was intro- 
duced on ocoasion of the phenomena of polarization. 
In like manner other theories have been built up of 
parts devised at different times. 

This being the mode in which theories are often 
framed, we have to notice a distinction which is found 
to prevail in the progress of true and false theories. 
In the former class all the additional suppositions tend 
to gtTnplicity aud harmony; the new suppositions re- 
solve themselves into the old ones, or at least require 
only some easy modification of the hypothesis first 
assumed ; the system becomes more coherent as it is 
further extended. The elements which we require for 
explaining a new class of facts are already contuned 
in our system. Different members of the theory run 
together, and we have thus a constant convergence to 
unity. In false theories, the contrary is the case. The 
new suppositions are something altogether additional; 
— not suggested by the original scheme ; perhaps diffi- 
cult to reconcile with it. Every such addition adds to 
the complexity of the hypothetical syatem, which at 
last becomes unmanageable, and is compelled to sur- 
render its place to some simpler explanation. 

Such a false theoiy, for example, was the ancient 
doctrine of eccentrics and epicycles. It explained the 
general succession of the Places of the Sun, Moon, 
and Planets; it would not have explained the pro- 
portion of their Magnitudes at different times, if these 
could have been accurately observed; hut this the au- 
cient astronomers were unable to do. When, however, 
Tycho and other astronomers came to be able to ob- 
serve the planets accurately in all positions, it was 
found that no combination of eqaaMe circular motions 
would exactly represent all the observations. We may 
Bee, in Kepler's works, the many new modifications of 
the epicyclical hypothesis which offered themselves to 
him; some of which would have agreed with the phe- 
nomena with a certain degree of accnracy, b\it not with 
so great a degree as Kepler, fortunately for the pi'O- 
gress of science, insisted upon obtaining. After these 
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epicycles had been thiis accumulated, they all diS' 
appeared and gave way to the simpler conceptioi 
elliptical motion. In like maiiBer, the discovery of n 
inequalities in the Moon's tnotiooa encumbered hn 
Kystem more and more with new machineiy, which ^ 
at last rejected all at once in favour of the elUptia 
theory. Astronomers could not but suppose themrfl 
Belvea in a wrong path, when the prospect grew darker 
and more entftogled at every step. 

Again; the Cartesian system of Vortices might be 
Raid to explain the primary phenomena of the revolu- 
tions of planets about the aim, and satellites about 
planets. But the elliptical form of the orbits required 
new BuppositioBB. Bernoulli ascribed this curve to the 
nhapfl of the planet, operating on the streanx of the 
vortex in a manner similar to the rudder of a boat. 
But then the motions of the aphelia, and of the nodes, 
— the perturbations, — even the action of gi-avity to- 
wards the earth,- — could not be accounted for without 
new and independent suppositions. Here was none of 
the simplicifj of truth. The theory of Gravitation, 
on the otlier hand, became more simple as the facts to 
be explained became more numerous. The attraction 
of the Bim accounted for the motions of the planets; 
the attraction of the planets was the cause of the mo- 
tion of the satellites. But this being a-ssumed, the 
])erturbationH, and the motions of the nodes and aphelia, 
only made it requisite to estend the attraction of the 
sun to the satellites, and that of the planets to each J 
other:— the tides, the spheroidal form of the earth, J 
the precession, still required nothing more than thatfl 
the moon and sun should attract the parts of the earth^fl 
and that these should attract each other; — so thafcV 
all the suppositions resolved themselves into the singl»a 
one, of the universal gravitation of all matter, 
difficult to imagine a more convincing manifestation ofl 
simplicity and unity. 

Again, to take an exam]>le from another sc 
the doctrine of Phlogiston brought together many iact8-1 
in a very plausible manner, — ^M3robuBtion, acidification,^ 
and others, — and very naturally prevailed for a whilftJ 
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But the balance came to be used in chemical opera- 
tiona, and the iaots of weight aa well as of combiaation 
were to be accounted for. On the phlogistic theory, it 
appeared that this could not be done without a new 
aupposition, and that, a very stmnge one ; — that phlo- 
giaton was an element not only not heavy, but ab- 
solutely light, BO that it dimini^ed the weight of the 
compounds into which it entered. Some chemists for a 
time adopted this extravagant view; but the wiser of 
them saw, iu the necessity of such a supposition to the 
defence of the theory, an evidence that the hypothesis 
of an element phlogiston was erroneous. And the 
opposite hypothesis, which taught that oxygen was 
subtracted, and not phlogiston added, was accepted 
because it required no such novel and inadmissible 
assumption. 

Again, we find the same evidence of truth in the 
progress of the Undiilatory Theory of light, in the 
course of ita application from one class of facts to an- 
other. Thus we explain Reflection and Kefraction by 
undulations; when we come to Thin Plates, the requi- 
site 'fita' are already involved in our fundamental 
hypothesis, for they are the length of an undulation : 
the phenomena of Diffraction also require such inter- 
vals; and the intervals thus required agree exactly 
with the others in magnitude, so that no new property 
is needed. Polarization for a moment appears to re- 
quire some new hypothoaia ; yet this is bai-dly the case ; 
for the direction of our vibrations ia hitherto arbitrary : 
— we allow polarization to decide it, and we suppose 
the undulations to bo transverse. Having done this 
for the sake of Polarization, we turn to the phenomena 
of Double Refraction, and inquire what new hypothesLs 
tliey require. But the answer is, that they require 
none ; the supposition of transverse vibrations, which 
we have made in order to explain Polarization, gives 
us also the law of Double Eefraction. Truth may give 
rise to such a coincidence; falsehood cannot. Again, 
the facta of Dipolarization come into view. But they 
hardly require any new assumption ; for the difference 
of optical elasticity of crystals in different directions. 
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whlcb ia already asniined in uniaxal CTTstala'*, is ex- 
tended to btaxal exactly scoordiDg to the law of eyni- 
meiry; and thu being done^ the laws of the pbeao- 
inena, canons and complex as they are, are fidly 
explained. The phenomena of Circniar Polarization 
l:^ intenud reflection, instead of requiring a new hypo- 
tkexis, are fonnd to be given by an interpretation of 
an apparently inexplicable resolt of an old hypothesis. 
The Circular Polaiization of Quartz and ita I>onble 
Refraction does indeed appear to require a new assump' 
tion, but still not one which at all disturbs the form 
of the theory ; and in short, the whole history of this 
theory is a progress, constajit and steady, often striking 
and HtartUng, from one degree of evidence and consiat* J 
ence to another of a, liigher order. 

In the EmisfcioD Theory, on the other band, i 
the theory of solid epicycles, we see what we mayl 
consider as the natural course of things in the career] 
of a false theory. Snch a theory may, to i 
extent, explain the phenomena which it was at fiirtlj 
contrived to meet; but every new class of fects i-equirea 
n new supponition — an addition to the machinery: and 
aa oljttervatifin goes on, these incoherent appendages 
accumulate, till they overwhelm and upset the original 
finme-work. Such has been the hypothesis of the 
Matorial Emission of light. In its original form, it 
explained Eeflection and Refraction : bnt the colours 
of Thin Plates addled to it the Fits of easy Transmis- 
sion and Beflection; the phenomena of Diffinction 
further invested the emitt«l particles with complex 
laws of Attraction and Repulsion; Polarization, gave 
them Sides: Double Refraction subjected them to 
peculiar Forces emanating fr'om the axes of the crystal : 
finally, Dipolarization loaded them with the complex 
and imconnected contrivance of Moveable Polarization : 
and even when all this had been done, additional 
niechanism was wanting. There ia here no unexpected 
nuccess, no happy coincidence, no conveigenee of prin- 
ciples from remote quarters. The phUohiopher builds 



the machine, Viut iU parts do oot fit. They hold 
together only while he presses theiu. This ia not the 
character of truth. 

As another example of the application of the Maxim 
now under consideration, I may perhaps be allowed to 
refer to the judgment which, in the History of Ther- 
motics, I have ventured to give respeeting Laplace's 
Theory of GSases. I have etated", that we cannot help 
forming an unfavourable judgment of this theory, by 
looking for that great characteristic of true theory; 
namely, that the hypotheses which were assumed to 
account for onfe claas of fects are found to explain 
another dasa of a different nature. Thus Laplace's first 
suppositions explain the connexion of Compression 
with Density, (the law of Boyle and Mariotte,) and 
the connexion of Elasticity with Heat, (the law of 
Dalton and Gay Lussac). But the theory requires 
other asBumptiona when we come to Latent Heat ; and 
yet those new assumptions produce oo effect upon the 
calculations in any application of the theory. When 
the hypothesis, constructed with reference to the Elas- 
ticity and Temperature, is applied to another class of 
facts, those of Latent Heat, we have no Simplification 
of the Hypothesis, and therefore no evidence of the 
truth of the theory. 

13. The last two sections of this chapter direct our 
attention to two circumstances, which tend to prove, in 
a manner which we may term irresistible, the truth of 
the theories which they characterize : — the Conailienee 
of Inducfkmi from different and separate classes of 
&ctaj — and the progressive iSimpliJicaiion oftlie Theory 
as it is extended to new cases. These two Characters 
are, in fact, hardly different ; they are exemplified by 
the same cases. For if these Induotiona, collected from 
one class of facts, supply an unexpected explanation of 
a new class, which ia the case lirst spoken of, there 
will be no need for new machinery in the hypothesis 
to apply it to the newly-contemplated facte; and thus, 
we have a case in which the system does not become 



more complex when its application is estended to a 
wider field, which wiia the character of true theoryj 
in its second aspect. The Consiliences of our Indao>I 
tions give rise to a constant Convergence of our Theory ■ 
towards Simplicity and Unity. M 

But, moreover, both these cases of the extension o£.l 
the theory, without difficulty or new suppoaitions, to » ■ 
wider range and to new classes of phenomena, may bo.l 
conveniently considered in yet another point of v' 
namely, as successive steps by which we gradually 
ascend in our speculative views to a higher and higher 
point of generality. For when the theory, either by 
the concurrence of two indications, or by an extei 
without complication, has included a new range of J 
pheaomeua, we have, in iact, a new induction of aa 
more general kind, to which the inductions formerly^ 
obtained are subordinato, as particular cases to a gea&- J 
ral proposition. We have in such examples, in shor^ I 
an instance of successive generalisation. This is a sub-] 
JBct of great importance, and deserving of being weljtfl 
illustrated; it will come under our notice in the next J 
chapter. 



CHAPTER VI. 
Of the Logic of Induction'. 



Aphobism XVII. 
The Logic of loduction eonaisti in afatinff the FaeU and 
the Tnfa-ence in sueh a ntanni^, that the Evidaice of the In- 
ferenee u matAJat ; juat ai the Logic of Deduction commits 
in itaiinff the PremUet and tlie Caneluiion in tuch a manner 
that the Evidence of the Concluiion ie manifeit. 

Aphorism XVIII. 
The Logic of Deduction is eakiHted 6y meant of a certain 
Formiita; namely, a Sf/llogism; and evert/ train of deductive 
reatoning, to be demotislrative, tniat be eapoMe of reeoltUiim 
into a »ene» of suoA Fornmlm legitimately constructed. In 
like tiKinner, the Logic of Induction may be exhibited by 
means of certain Formula;; and every train of inductive in- 
ference, to be sound, must be capable of resolution into a 
schema of such FormultB, legitimately constructed. 

Aphobism XIX. 
The InJactive act of thought by which several Facts are 
eolligated into one Froposition, may be ea;pressed by saying: 
The BQTeral Facta are exactly oiprcBsed aa ono Fact, if, 
and only if, we adopt tbe Conceptions and viic Afsertioii 
of tlie Proposition. 

Aphobism XX, 

The One Fact, thus inductively obtained from several 

Facta, may be combined wilk oilier Facia, and colligaud 

with than by a new act of Induction. This process may be 
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oeetia are tk^^^^M 
m the Utwat ^^^H 



iiKUfimUly repeaud: and llieu ivcttisiee protases 
St^s of Indaelion, or of QcacTaMi&tioD, fr 

the higfiat. 

Aphobism XXT. 
The rilatum of the lueeeuiue Steps of Inditetioa may li 
exhibited by meant of an Indactire Table, in ■which thx 
leveral Faetx are indicated, and tied together by a Bracket, 
and the Inductive Inference pbiced on Ihe other side of th 
Braekel; and thit arraaffonent repeaitd, so as to fort 
(/eaealogieqf Taile of eaeh Induction, from th« iotoart to 
hiffhait. 

Aphorisu XXII. 
The Logic oflndaetion is the Criterion of Truth inferred 
from Facts, as the Logio of Deduction is f A< Criterion of 
Truth deduced from necessary Principles. The Inductive 

Table enables as to apply such a Criterion; for we can de- 
termine whether each Induction is verified and justified by 
the Facts which its Bracket includes; a/ul if each tntfuetwn 
in particular be sound, the highest, which merely eombii 
tliem all, must necessarily be sound also. 



Aphoribm XXIII. 



Tlie distinction of Fact and Theory is only relative^ 
Events and phenomena, considered aa Partieuiars which may 
be coUiyated by Induction, are Facts; considered as Generali- 
ties already obtained by colligation of other Facts, they are 
Theoriee. The same event or phenomenon is a Fact or a 
Theory, according as it is considered as standing on one side 
or (he other of the Inductive Bracket. 

1. rriHE 8ul)ject to which the present chapter refers 
J. is described by phrases which are at tJie present 
ilay iamiliariy used in speaking of the progress of 
knowledge. We hwir very frequent mention of as- 
eending from particular to general propositions, and 
from these to propositions still more general j — of 
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truths included in other truths of a higher degivje of 
generality; — of different giages of generalizal'iou ; — 
and of the kigkeMt step of the proceaa of discovery, to 
which all others are subordinate and preparatory. As 
these expressions, so familiar to our eara, especially 
since the time of Francis Bacon, denote, very signifi- 
cantly, processes and relations which are of great im- 
portajice in the formation of science, it is necessary for 
TVS to g>ve a clear account of them, illustrated with 
general exemplifications ; and this we shall endeavour 

We have, indeed, already explained that science con- 
flists of Propositions which include the Facta from which 
they were collected ; and other wider Propositions, col- 
lected in like manner from the former, and including 
them. Thus, that the stars, the moon, the sun, rise, 
culminate, and set, are facts included in the proposition 
that the heavens, carrying with tliem all the celestial 
bodies, have a diurnal revolution about the axis of the 
earth. Again, the observed monthly motions of the 
moon, and the annual motions of the sun, are included 
in certain propositions concerning the movements of 
those luminaries with respect to the stars. But all 
these propositions are really included in the doctrine 
that the earth, revolving on its axis, moves round the 
sun, and the moon round the earth. These move- 
ments, again, considered as facts, are explained and 
inclvded in the statement of the forces which the earth 
exerts upon the moon, and the sun upon the earth. 
Again, this doctrine of the forces of these three bodies 
is included in the assertion, that all the bodies of the 
solar system, and all parts of matter, exert forces, each 
upon each. And we might easily show that all the 
leading &cta in astronomy are comprehended in the 
same generalization. In like manner with regard to 
any other science, so iar as its truths have been well 
established and fully developed, we might show that it 
consists of a gradation of propositions; proceediug frtm 
tlie most special facts to the most general theoretical 
assertiona We shall exhibit this gradation in some of 
the principal branches of science. 
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2. This gi-adation of tnitha, f 
ill other truths, may be conTeniently represented 1_ 
Tahlen resembliag the genealogical tables bj which the 
detivatioa of descendants &om a common ancestor is 
exhibited ; except that it is proper in this case to in- 
vert the form of the Table, and to make it converge to 
unity downwards instead of upwards, since it has for 
its purpose to express, not the derivation of many from 
one, but the collection of one truth from many things. 
Two or more co-ordinate facts or pi-oiwsitions may be 
ranged aide by side, and joined by some mark of con- 
nexion, {» bracket, as ~— n — ' or >— ',) Ijeneath 

which may be placed the more general proposition 
which is collected by induction from the former. Again, 
propositiona co-ordinate with this move general one 
may lie placed on a level with it ^ and the combination 
of these, and the result of the conibiaatiou, may bo 
indicated by brackete in the same manner; and so on, 
through any number of gradations. By this means 
the streams of knowledge from various classes of facts 
will constantly run together into a smaller and smaller 
number of channels; like the confluent rivulets of a 
great river, coming together from many sources, uniting 
their ramiCcatious so aa to form larger branches, these 
again uniting in a single trunk. The genealogical tree 
of each great portion of science, thus formed, will 
contain all the leading truths of the science arranged 
in their due co-ordination and subordination. Such 
Tables, Qonstructed for the sciences of Astronomy and 
of Optics, will be given at the end of this chapter. 

3. The union of co-ordinate propositions into a pro- 
position of a higher order, which occurs in this Tree of 
Science wherever two twigs unite in one branch, is, in 
each case, an example of Induction. The single pro- 
position is collected by the process of induction from 
its several members. But here we may observe, that 
the image of a mere wmon of the parts at each of these 
points, which the figure of a tree or a river presents, is 
very inadequate to convey the true state of the case; 
for in Induction, aa we have seen, besides mere collec- 
tion of particulars, there is always a new conception, a 
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principle of eoimexion aad unity, snpplied by the 
mind, and aaperinduced upon the particulars. There ' 
is not merely a juKta-poBition of mateiTals, by whicli 
tlie new proposition contains all that its component 
parts contained; but also a formative act exerted by 
the underatanding, so that these materials are con- 
tained in a new sliape. We must remember, there- 
fore, that our Inductive Tables, although they repre- 
sent the elements and the order of these inductive 
stepa, do not fully represent the whole signification of 
the process in each case. 

4- The principal features of the progress of science 
spoken of in the last chapter are clearly esiiihited in 
these Tables; namely, the Con^ieaee of Inductions, 
and the constant Tendency to Simplicity observable in 
true theories. Indeed ia all cases in which, from pro- 
positions of considerable generality, propoaitione of a 
still higher degree are obtained, there is a convei^ence 
of inductions; and if in one of the lines which thus 
converge, the steps be rapidly and suddenly made in 
order to meet the other liiie, we may consider that we 
have an example of Consilience, Thus when Newton 
had collected, fi'om Kepler's Laws, the Central Force of 
the sun, and from these, combined with other facts, 
the Universal Force of all the heavenly bodies, he 
suddenly turned round to include in his generalization 
the Precession of the Equinoxes, which he declared to 
arise from the attraction of the sun and moon upon 
the protuberant part of the terrestrial spheroid. The 
apparent remoteness of this fact, in its nature, from the 
other facts with which he thus a.ssociated it, causes this 
part of his reasoning to strike us as a remarkable ex- 
ample of Consilience. Accordingly, in the Table of 
Astronomy we find that the columns which contain 
the facts and theories relative to the sun and planets, 
after exhibiting several stages of induction within 
themselves, are at length suddenly connected with 
a column till then quite distinct, coniaiuing the pTf- 
cession qf the equinoxes. In like manner, in the Table 
of Optics, the columns which contain the facts and 
theories relative to double refraction, and those which 
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include polarization by crystals, each go separately 
through several stages of induction; and then these 
two sets of columns are suddenly connected by Fres- 
nel'a mathematical induction, that double refraction and 
polarization arise from the same cause : thus exhibit- 
ing a remarkable CojisUience. 

g. The constant Tendency to SimplicUy in ths-- 
sciences of which the progress is thns representedi. 
appears from the form, of the Table itself; for tbe 
single trunk into which all the branches convei-g% 
contains in itself the aabatance of all the propositions 
by means of which this laat generalization was airived. 
at. It is true, that this ultimate result is sometimes 
not so simple as in the Table it appears : for instance, 
the ultimate generalization of the Table eshibiting the 
progress of Physical Optics, — namely, that Light con- 
sists in TJndTJatiouB, — must be understood as includ- 
ing some other hypotheses; as, that the undulations 
are transverse, that the ether through which they are 
propagated has its elasticity in crystals and other 
transparent bodies regulated by certain laws ; and the 
like. Yet still, even acknowledging all the complica- 
tion thus implied, the Table in question evidences 
clearly enough the constant advance towards unity, 
consistency, and simplicity, which have marked the 
progress of this Theory. The same is the case in the 
Inductive Table of Astronomy in a still greater 
degree. 

6. These Tables naturally affoi'd the opportunity of 
assigning to each of the distinct steps of which the 
progress of science consists, the name of the * Dia- 
coverer to whom it is due. Every one of the inductive 
processes which the brackets of our Tables mark, 
directs our attention to some person by whom the in- 
duction was first distinctly made. These names I 
have endeavoured to put in their due places in the 
Tables; and the Inductive Tree of our knowledge in 
each science becomes, in this way, an exhibition of the 
claims of each discoverer to distinction, and, as it 
were, a Genealogical Tree of scientific nobility. It U 
by no means pretended that such a tree includee the 
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names of all the meritoriLnia labourers in each depart- 
ment of science. Many persona are moat uaefnily 
employed in coUectiug and verifying trutliB, who do 
not ad.%^nce to any new trutlia. The labourB of a 
number of such are included in each atage of our 
ascent. ' But auch Tables aa we have now before lis 
will present to us the names of all the most eminent 
discoverers : for the main steps of which the progresH 
of science consists, are transitions from more particu- 
lar to more general truths, and must therefore be 
rightly given by these Tables; and those must be the 
gi'eatest names in science to wliom the principal events 
of its advance are thus due. 

7. The Tables, as we have presented them, exhibit 
the course by which we pass fi'om Particular t« Genera! 
through variows gradations, and so to the most general. 
They display the order of discovery. But by reading I 
them in an inverted manner, beginning at the single j 
comprehensive truths with which the Tables end, and j 
tracing these back into the more partial truths, and ' 
these again into af>ecial fects, they answer another 
purpose; — they exhibit the process of verification of 
discoveries once made. For each of our general pro- 
positions is true in virtue of the truth of the narrower 
propositions which it involves; and we cannot satisfy 
ourselves of its truth in any other way than by ascer- 
taining that these its constituent elements are true. 
To assure ourselves that the sun attracts the planets 
with forces varying inversely as the square of the dis- 
tance, we must analyse by geometry the motion of a 
body in an oUipse about the focus, so as to see that sucii 
a. motion does imply such a force. We must also verify 
those calculations by which the observed places of each 
planet are staled to be included in an ellipse. These cal- 
culations involve assumptions respecting the path which 
the earth describes about the aun, which assumptions 
must again be verified by reference to observation. And 
thus, proceeding from step to step, we resolve the most 
general truths into their constituent parts; and these 
again into their parts; and by testing, at each step, both 
the reality of the asserted ingredients and the propriety 
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of the conjunction, we cstAblUli the whole system of 
truths, however wide and varioiw it may be. 

8. It b a -very great advantage, in such a mode of 
exhibiting scientific tmths, that it resolves the verifi- 
cation of the moat complex and comprehensive theories 
into a number of gmaJl steps, of which almost'any one 
fatje within the reach of oonunon talents and industry. 
That if the particulars of any one step be true, the 
generalization also is true, any person with a mind 
properly dificiplined may satisfy himself by a little 
etndy. That each of these particular propositions U 
true, may be ascertained, by the same kind of atten- 
tion, when this proposition is resolved into itg consti- 
tuent and more special propositions. And thus we 
may proceed, tiU the most general truth in broken up 
into small and manageable portions. Of these por- 
tions, each may appear by itself narrow and easy ; and 
yet they are so woven together, by hypothesis and coa- 
junction, that the truth of the parts necessarily assnreB 
IIS of the truth of the whole. The verification is of 
the satne nature as the verification of a large and com- 
plex statement of great sums received by a mercantile 
office on various accounts from many quarters. The 
statement is separated into certain comprehensive heads, 
and these into others less extensive; and these agtdn 
into smaller collections of separate articles, each of 
which can he inquired into and reported on by separate 
persons. And thus at last, the mere addition of 
numbers performed by these various persons, and the 
summation of the results which they obtain, executed 
by other accountants, is a complete and entire security 
that there is no errour in the whole of the process. 

9. This comparison of the process by which wa 
verify scientific truth to the process of Book-keeping 
in a largo commercial establishment, may appear to 
some persons not siiificiently dignified for the subject. 
But, in fact, the possibihty of giving this formal and 
Ijusiness-like aspect to the evidence of science, as in- 
volved in the process of successive generalization, is an 
inestimable advantage. For if no one could pronounce 
concerning a wide and profound theory except he who 
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could at once embrace in his mind the whole range of 
inference, extending from the special facta np to the 
most general principles, none but the greatest geniuses 
would be entitled to judge concerning the truth or 
errour of scientific discoveries. But, in reality, we 
seldom need to verify more than one or two steps of 
such discoveries at one time ; and this may commonly 
be done (when the diacoveriea have been fully esta- 
blished and developed,) by any one who brings to the 
task clear conceptions and steady attention. The pro- 
gress of science is gradual : the discoveries which are 
successively made, are also verified successively. We 
have never any very large collections of them on our 
hands at once. The doubts and nncertainties of any 
one who has studied science with care and perseverance 
are generally confined to a, few points. If he can ' 
satisfy himself upon these, he has no misgivings re- 
specting the rest of the structure; which has indeed 
been repeatedly verified by other persons in like man- 
ner. The fact that science is capable of being resolved 
into separate processes of verification, is that which 
renders it possible to form a. great body of scientific 
truth, by adding together a vast number of truths, of 
which many men, at various times and by multiplied 
eflbtts, have satisfied themselves. The treasury of 
Science is constantly rich and abundant, because it 
accumulates the wealth which is thus gathered by so 
many, and reckoned over by so many more ; and the 
dignity of Knowledge is no more lowered by the mul- 
tiplicity of the tasks on which her servants are em- 
ployed, and the narrow field of labour to which some 
confine themselves, than the rich merchant is degraded 
by the number of offices which it is necessary for him 
to maintain, and the minute articles of which he re- 
quires an exact statement fi-om his accountants. 

10. The analysis of doctrines inductively obtained, 
into their constituent facts, and the axrangement of 
them in such a form that the conclusiveness of the in- 
duction may be distinctly seen, may be termed t/te 
Logic of Induction,. By Logic has generally been 
meant a Rystem which teaches its so to arrange our 




leaaonings that their truth or fkbehood sh&ll be 
dent in their form. In deductive reasonings, in whi(^ 
tbe general principles are aasumed, and the qnestion 

concerning their ftpplication and combination in parti- 
cnlar eases, the device which thua enables ua to judge 
whether our reaaonings are conclusive is the Syllogism; 
and this form, along with the rules which belong to it, 
does in &ct supply us with a criterion of deductive or 
demonstrative reasoning. The Indudive Table, such 
as it is presented in the present chapter, in like 
anppliea the means of ascertaining the truth of 
vruluctive inferences, so far as the /(frm in which 
reasoning vas-y be stated can afford such a criterion, 
course some care is requisite in order to reduce a traiiL^ 
of demonstration into the fonn of a series of sj'Uogisms: 
and certainly not less thought and attention are 
quired for resolving all the mtun doctrines of any great 
department of science into a graduated table of co- 
ordinate and subordinate inductions. But in each 
case, when this task is once executed, the evidence or 
want of evidence of onr conclusions appears immedi- 
ately in a most luminous manner. In each step of 
induction, our Table enumerates the particular facts, 
and states the general theoretical truth which includes 
these and which these conatituta The special act of 
attention by which we satisiy ourselves that the facts 
are so included,— that the general truth is so consti- 
tuted, — then affords little room for errour, with 
moderate attention and clearness of thought. 

1 1. We may find an example of this a/^ of attenisx 
tion thus required, at any one of the steps of induction 
in our Tables; for instance, at the step in the early 
progress of astronomy at which it was inferred, that 
the earth is a globe, and that the sphere of the heavens 
(relatively) performs a diurnal revolution round this 
globe of the eartL How was this established in the be- 
lief of the Gi-eeka, and how is it fixed in our conviction? 
Aa to the globular form, we find that aa we travel to 
the north, the apparent pole of the heavenly motions, 
and the constellations which are near it, seem to mount 
higher, and as we proceed southwards they descendil 
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Again, if we proceed from two different points consi- 
derably to the east and west of each other, and travel 
directly northwards from each, as from the aouth of 
Spain to the north of Scotland, and from Greece to 
Scandinavia, these two north and south lines wUl be 
much nearer to each other in their northern than in 
their southern parts. These and aimilar facta, as soon 
as they are clearly estimated and connected iu the 
mind, are seen to be cormsteni with a convex surface of 
the earth, and with no other : and this notion is further 
confirmed by observing that the boundary of the earth's 
shadow upon the moon is always circular; it being 
supposed to be already established that the moon re- 
ceives her light from the aun, and that lunar eclipses 
are caused by the interposition of the earth. As for 
the assertion of the (relative) diurnal revolution of the 
starry sphere, it is merely putting the visible phenomena 
in an exact geometrical form : and thus we establish and 
verify the doctrine of the revolution of the sphere of 
the heavens about the globe of the earth, by contem- 
plating it so as to gee that it does really and exactly 
include the particular facts from which it is collected. 

We may, in like manner, iUustrat-e this mode of 
verification by any of the other steps of the same Tabla 
Thus if we take the great Induction of Copernicus, the 
heliocentricscheraeof the solar system, we find it in the 
Tabic exhibited as including and explaining, ^st, the 
diurnal revolution just spoken of; second, the motions 
of the moon among the fixed stars; t7tird, the motions 
of the planets with reference to the fixed stars and the 
aun; ybfirtA, the motion of the sun in the ecliptic. 
And the scheme being clearly conceived, we see that alii' 
the particular facts are faithfully represented by it; 
and this agreement, along with the simplicity of the 
scheme, in which respect it is so (ar superior to any 
other conception of the solar system, persuade us that 
it is really the plan of nature. 

In exactly the same way, if we attend to any of the 
several remarkable discoveries of Newton, which form 
the principal steps in the latter part of the Table, art 
for instance, the proposition that the aun attracts all 



the plaoetA with a force which raries inversely as the 
square of the distance, we find it proved by its inclod- 
ing three other proportions previously established : — 
first, that the eon's mean force on different planets 
follows the specified Tariation (which is proTed from. 
Kepler's third law); aecond, that the force by which 
each planet is acted upon in difierent parts of its orbit 
tends to the sun (which is proved by the eqnable de- 
scription of areas); third, that this force in different 
parts of the same orbit is also inversely as the square 
of the distauce (which is proved &om the elliptical 
form of the orbit). And the Newtonian generaliza- 
tion, when its consequences are mathematically traced, 
b »een to agree with each of these particular proj 
tioDS, and thus is fully established. 

13. But when we say that the more general pro] 
sition includes the several more particular ones, ' 
must recollect what has before been said, that these 
particulars form the general truth, not by being merely 
I enumerated and added together, but by being seen wi a 
Tiew light. No mere verbal recitation of the particu- 
lars can decide whether the general proposition is tme; 
a special act of thought is requisite in order to deter- 
mine how truly each is included in the supposed in- 
duction. In this respect the Inductive Table is not 
like a mere schedule of accounts, where the rightness 
of each part of the reckoning ia tested by mere addl- 
, tion of the particulars. On the contrary, the Inductive 
I truth is never the mere turn of the facts. It is made 
into something more by the introduction of a new 
mental element; and the mind, in order to be able to 
supply tills element, must have peculiar endowments 
and discipline Thus looking back at the instances 
noticed in the last article, how are we to see that a 
convex surface of the earth is necessarily implied by 
the convergence of meridians towards the north, or by 
the visible descent of the north pole of the heavens as 
we travel south 1 Manifestly the student, in order to 
se« this, must have clear conceptions of the relations 
of space, either naturally inherent in his mind, or 
estttblished there by geometrical cultivation, — by study- 
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ing the propertiea of circles and apLerea. When he 
is po prepared, he will feel the force of the expreasioiiB 
WQ have used, that the factt just mentioned are »een to 
be contisleni with a globular form of the earth; but 
■without Buch aptitude he will not see this conaisteacy ; 
and if thia be so, the mere aaeertion of It in words 
will not avail bim in aatiafying himself of the truth of 
the proposition. 

Ill like manner, in order to perceive the force of the 
Coperuican induction, the student must have his mind 
80 disciplined by geometrical studies, or otherwise, that 
he sees clearly bow absolute motion and relative motion 
would alike produce apparent motion. He must have 
learnt to cast away all prejudices arising from the aeem- 
ing tixity of the earth; and then he will see that there 
is nothing which stands in the way of the induction, 
while there is much which ia on its side. And in the 
same manner the Newtonian induction of the law of 
the sun's force from the elliptical form of the orbit, 
will be evidently satisfactory to him only who has such 
an insight into Mechanics as to see that a curvilinear 
path must arise from a constantly deflecting force; 
and who ia able to follow thfl steps of geometrical 
reasoning by which, from the propertiea of the ellipse, 
Newton proves this deflection to be in the proportion 
in which he asserts the force to be. And thus in all 
cases the inductive truth must indeed be verified, by 
comparing it with the particular facts ; but then this 
comparison is possible for him only whose mind is 
properly disciplined and prepared in the use of those 
conceptions, which, in addition to the facts, the act of 
induction requires. 

13. In the Tables some indication is given, at 
several of the steps, of the act which the mind must 
thus perform, besides the mere conjunction of facts, in 
order to attain to the inductive truth. Thus in the 
cases of the Newtonian inductions juat spoken of, the 
inferences are stated to be made 'By Mechanics;' 
and in the case of the Copemican induction, it ia said 
that, ' By the nature of motion, the apparent motion is 
the same, whether the heavens or the earth have a 




diurnal motion; and the latter u 
these verbal statements are to be i 
hints' ; they cannot supersede the necessity of the stu- 
dent's contemplating for himself the mechanical prin- 
ciples and the nature of motion thus refen'cd to. 

14. In the common or Syllogistic Logic, a certain 
Formula of language is used in stating the reasoning, 
and is nsefiil in enabling us more readily to apply the 
Criterion of I"orm to alleged demonstrationa. This 
formula is the usual SyDogism; with its membera, 1 
Major Fremisa, Minor Premiss, and Conclusion, 
may naturally be asked whether in Inductive Logift^ 
there is any such Formula? whether there is any! 
standard form of ■words in which we may most pro-J 
perly express the inference of a general truth from 
particular fecta % 

At first it might be supposed that tho formula 
Inductive Logic need only be of this kind ; ' TheM^ 
particulars, and all known particulars of the ( 
kind, are exactly included in the following geneialfl 
proposition.' But a moment's reflection on what hMm 
just been said will show us that this is not sufficient ;■ 
for the particulars xfe not merely included in thfra 
general proposition. It is not enough that they apper*- fl 
tain to it by enumeration. It is, for instance, no ade- J 
quate example of Induction to say, 'Mercury describeaifl 
an . elliptical path, so does Venus, so do the Earthi ■ 
Mars, Jupiter, Saturn, Uranus ; therefore all the I 
Planets describe elliptical paths.' This is, as we hav« J 
seen, the mode of stating the evidence when the propo. I 
aition is once au^ested ; but the Inductive step con- r 
sists in the suggestion of a conception not beforej 
apparent. When Kepler, after trying to connect the 1 
observed places of the planet Mars in many other | 
wuys, found at last that the conceptioi 
would include them all, he obtained a truth by induo* I 
tion: for this conclusion was not obviously included I 
in tho phenomena, and had not been applied to tbeaa I 
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facta previously. Thus in our FoiTnula, hesidea stating 
that the particulars are included in the general propo- 
sition, we must hilao imply that t!ie generality is consti-, 
tuted by a new Conception, — new at least in its! 
application. ' 

Hence our Inductive Formula might be something 
like the foUowing ; ' These particulars, and all known 
particulars of the same kind, are exactly expressed by 
adopting the Conceptions and Statement of the follow- 
ing Proposition.' It is of course requiaite that the 
Conceptions should be perfectly cleap, and should pre- 
cisely embrace the facts, according to the explanation 
we have already given of those conditions, 

15. It may happen, as we have already stated, that 
the Explication of a Conception, by which it acquires 
its due distinctness, leads to a Defijiition, which Defi- 
nition may be taken as the sununary and total result 
of the intellectual efibrts to which this distinctness is 
due. In such cases, the Formula of Induction may be 
modified according to this condition; and we may state 
the inference by saying, after an enumeration and 
analysis of the appropriate facts, 'These feots are 
completdy and distinctly expressed by adopting the 
following Definition and Proposition.' 

This Formula has been adopted in stating the In- 
ductive Propositions which constitute the basis of the 
science of Mechanics, in a work intitled The Mecha- 
nical Euclid. The fundamental truths of the subject 
are expressed in Induclive Pairs of Assertions, con- 
sisting each of a Definition and a Proposition, such as 
the following : 

Def. — A Uniform Force is that which acting in the 
direction of the body's m.otion, adds or subtracts equal 
velocities in equal times. 

Prop. — Gravity is a Uniform Force. 

Def. — Two Motions are compounded when each 
produces ite separate effect in a direction parallel to 
itself 

Prop. — When any Force acts upon a body in mo- 
tion, the motion which the Force would prodace in the 



body at rest is compoiinded with the previous motioQuI 
of the body. 

And in like maimer ic other cases. 

la these cases the proposition is, of course, 
blished, and the definition realized, by an enumeratioii. J 
of the facts. And in the case of ii^erences made i 
such a form, the Definition of the Conception and i 
Assertion of the Truth ore both requisite and are c 
relative to one another. Each of the two steps o 
tains the verification and justification of the other,! 
The Proposition derives its meaning from the DeGni- T 
tion ; the Definition derivea its reality from the Pro-! 
position. If they are Beparated, the Definition is arbi-^ 
traiy or empty, the Proposition vague or ambiguous, 

1 6. But it must he observed that neither of the J 
preceding Formulse expresses the full cogency of th» J 
inductive proof They declare only that the reeultaif 
can be clearly esplainesi and rigorously deduced by the I 
employment of a certain Definition and a certain Pro- 
, position. But in order to make the conclusion deraon- 
1 strative, which in perfect examples of Induction it is, 
■we ought to be able to declare that the results can be 
! clearly explained and rigorously declared only by the 
Definition and Proposition which we adopt. And in 
reality, the conviction of the sound inductive reasoner 
does reach tu this point. The Mathematician aeserte 
the Laws of Motion, seeing clearly that they (or laws 
equivalent to them) afibrd the only means of clearly 
expressing and deduciug the actual fecta. But this 
conviction, that the inductive inference ia not only 
consistent with the &ct«, but necessary, finds its place 
in the mind gradually, as the contemplation of the 
coneequences of the proposition, and the various reUr 
tions of the facta, becomes steady and familiar. It 
is scarcely possible for the student at once to satisfy 
himself that the inference is thus inevitable. And 
when he arrives at this conviction, he sees also, in 
many cases at least, that there may be other ways of 
expressing the substance of the truth eatabiished, 
besides that special Proposition which he has under 
his notice. 
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We may, therefore, witliout impropriety, 
the undertaking of conveying in our formula this final 
conviction of the necessary truth of our inference. We 
may leave it to be thought, without insisting upon say- 
ing it, that in such cases what can be true, U trua 
But if wB wish to express the ultimate significance of 
the Inductive Act of thought, we may take aa our 
Formula for the Colligation of Facta by Induction, 
this : — ' The several Facts are exactly expreaaed aa one ' 
Fact if, and only if, we adopt the Conception and the 
Asaertion' of the inductive inference. 

17. I have said that the mind must be properly 
disc^ilined in order that it may see the necessary con- 
nesioD between the facts and the general .proposition 
in which they are included. And the perception of 
this oonneiion, though treated as mie step in our 
inductive inference, may imply many steps of demon- 
strative proo£ The connexion is this, that the parti- ' 
oular case ia included in the general one, that is, may 
be deduced irsaa it : but this deduction may often 
require many links of reaaoaing. Thus in the case of 
the inference of the law of the force from the elliptical 
form of the orbit by Newton, the proof that in the 
ellipse the deflection from the tangent is inversely as 
the square of the distance fi'om the focus of the ellipse, 
is a ratiocination consisting of several steps, and in- 
volving several properties of Conic Sections ; these pro- 
perties being supposed to be previously established by 
a geometrical system of demonstration on the special 
subject of the Conic Sections. In this and similar 
cases the Induction involves many steps of Deduction. 
And in such cases, although the Inductive Step, the 
Invention of the Conception, is really the moat im- 
portant, yet since, when once made, it occupies a 
familiar place in men's minds; and since the Deductive 
Demonstration is of considerable length and require:^ 
intellectual effort to follow it at every step; men often 
admire the deductive jiart of the proposition, the geo- 
metrical or algebraical demonstration, far more than 
that part in which the philosophical merit really residca. 
NOV. oso, 8 



114 



C&irSTRDCTION OF SCIEHCIE. 



i8. Deductive reasoning ia virtually a collection, of 
sjUogiBms, as has ftlreadj been stated; aud in such 
ritasoning', the general principles, the Definitions and 
Axioms, neceaBarily stand at the beginning of tha 
demonstration. In an inductive inference, the Defi- 
nitions and Principles are the final result of the reason- 
ing, the ultimate effect of the proof Hence when an 
Inductive Propoajtioo is to be estaVilished by a proof 
involving several steps of demonstrative reasoning, the 
enunciation of the Proposition will contain, explicitly 
or implicitly, piinciplas which the demonstration pro- 
ceeds upon as axioms, but which are really inductive 
inferences. Thus in order to prove that the force 
which retains a. planet in an ellipse varies inversely as 
the square of the distance, it is taken for granted that 
the Laws of Motion are time, and that they apply to 
the planets. Yet the docti-ine that thia is so, as well 
aa the law of the force, were established only by this and 
the like demonstrations. The doctrine which is the 
kypotkeaU of the deductive reasoning, is the infereTiM 
of the inductive process. The special facts which are 
the basis of the inductive inference, are the conclusion 
of the train of deduction. Aud in this manner the 
deduction establishes the induction. The principle 
which we gather irom the facta is true, because the 
facts can be derived fi-om it by rigorous demonstration. 
Induction moves upwards, and deduction downwards, 
on the same stair. 

But still there is a great difference in the character 
of their movements. Deduction descends steadily and 
methodically, step by step ; Induction mounts by a 
leap which is out of the reach of method. She bounds 
to the top of the stair at once; and then it is the busi- 
ness of Deduction, by trying each step in order, to 
establish the solidity of her companion's footing. Yet 
these must be processes of the same mind. The In- 
ductive Intellect makes an assertion which is subse- 
quently justiSed by demonstration; and it shows its 
wigacity, its peculiar character, by enunciating the 
proposition when as yet the demonstration does not 
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exist : but then it shows that it is eagacity, by also 
producing the demonstration. 

It has been said that inductiTe and deductive reason- 
ing are contrary in their scheme ; that in Deduction 
we infer particular from general truths; ■while in In- 
duction we infer general from particular: that Deduc- 
tion consists of many steps, in each of which we apply 
known general propositions in particular cases; while 
in Induction we have a single step, in which we pass 
from many particular truths to one general propo- 
sition. And this is truly said ; but though contrary 
in their motions, the two are the operation of the same 
mind travelling over the same ground. Deduction is 
a nec essary part of Induction. Deduction justifies by 
calculation what Induction had happily guessed. In- 
duction recognizes the ore of truth by its weight; 
Deduction confirms the recognition by chemical ana- 
lysis. Every step of Induction must be confirmed by \ 
rigorous deductive reasoning, followed into such detail 
as the nature and complexity of the relations (whether 
of quantity or any other) render requisite. If not so 
justified by the supposed discoverer, it is itot In- 
duction- 

!(). Such Tabular arrangements of propositions as 
we have constructed may bo considered as the Crilerimi 
of Trvi/i for the doctrines which they include. They 
are the Criterion of Inductive Truth, in the same 
sense in which Syllogistic Demonstration is the Cri- 
terion of Necessary Truth, — of the certainty of con- 
clusions, depending upon evident First Principles, 
And that such Tables are really a Criterion of the 
truth of the propositions which they contain, will be 
plain by examining their structure. For if the con- 
nexion which the inductive process assumes be ascer- 
tained to be in each case real and true, the assertion of 
the genera] proposition merely collects together ascer- 
tained truths ; and in like manner each of those more 
particular propositions is true, because it merely ex- 
presses coUeetively more special facts ; so that the moat 
general theory is only the assertion of a great body 
of facta, duly classified and subordinated. When we 
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aaaert the truth of theOoperaicas theory of the motions 
Iff the solar syetem, or of the Nen-toniim theory of the 
foit»9 by which they are caused, we merely a^ert the 
groupH of propoeitions which, in the T&ble of Astrono- 
mical lodnctiun, are inclnded in the^ doctrines ; and 
ultimately, we may consider ourselves as merely as- 
serting at once so mauy Facts, and therefore, of couis^ 
expressing an isdiiputable truth. 

zo. At any one of these steps of Induction in the 
Table, the inductive proposition Li a Thtory with re- 
gard to. the Facta which it incltide^ while it is to be 
looked u[x>n as a Fact with respect to the higher gene- 
ralizations in which it is included. lu any other 
Hcnse, as was formerly shown, the opposition of Fact 
and Tlieory is untenable, and leads to endleea per^ 
jJexity and debate, la it a Fact or a Theory that the 
planet Mars revolves in an E31ipse about the Sunt 
To Kepler, employed in endeavouring to combine the 
se;iarate observations by the CoBceptioQ of an Ellipse, 
it is a Theory; to Newton, engaged in inferring the 
law of force fkim a knowledge of the elliptical motion, 
it is a Fact There are, as we have already seen, no 
special attributes of Theory and Fact which distinguish 
them from one another. Facts are phenomena appre- 
hended by the aid of conceptions and mental acta, as 
Theories also are. We commonly call our observations 
Facts, when we apply, without effort or consciousness, 
cuuceptiona perfectly familiar to us; while we apeak of 
Theories, when we have previously contemplated the 
Facts and the connecting Conception separately, and 
have made the connexion by a conscious mental act 
The real difference is a difference of relation; as the 
same proposition in a demonstration ia iiia premiss of 
one syllogism and the coTtclwsion in another ;~-as the 
same jierson ia a father and a son. Propositions are 
Facta and Theories, according as they stand above or 
below the ludactive Brackets of our Tables. 

3T. To obviate mistakes I may remark that the 
terms higJter and lower, when used of generalizations, 
are unavoidably represented by their oppositea in our . 
Inductive Tables. The higheeit generalization is that 
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whicH includes all others; and this stands the lowest 
on our page, because, reading downwards, that is the 
place which we last reach. 

There is a distinction of the knowledge acquired by 
Scientific Induction into two kinds, which is so im- 
portant that we shall consider it in the succeeding 
chapter. 



CHAPTER Vn. 
Op Laws of Phenomena and op Causes. 



Aphorism XXIV. 
IndKetive trutka are of two kijids. Laws of PhenomenEk,,.! 
and Theories of CanseB. 71 is necessary to be^n u 
teience vHih the Laws (^Pkenometia! but it is impoaaihle lAa 
UM »ht3uld be satisfied to stop short of a Theory of Causes. 
Phj/sical Astronomy, Physieal Optics, Geology, ar 
leienees, u-e have ijislances showing thai ws can make a great 1 
advance in inquiries after true Theories of Catisea. 

I. TN the firat attempts at acquiring an exact and 
X. connected knowledge of the appearances and ope- 
rations which nature presents, men went no further 
than to leam loliat takes place, not why it occurs. 
They discovered an Order which the phenomena fol- 
low. Rules which they oljey; but they did not come in 
sight of the Powers by which these rules are deter- 
mined, the Causes of which this order is the effect. 
Thus, for example, they found that many of the celes- 
tial motions took place as if the sun and stars were 
carried round by the revolutions of certain celestial 
spheres; but what causes kept these spheres in con- 
stant motion, they were never able to explain. In 
lite manner in modem times, Kepler discovered that 
the planeta describe ellipses, before Newton explained 
why they select this psiticular curve, and descrilie it 
in a particular manner. The laws of reflection, re- 
fraction, dispersion, and other propertiea of light have 
long been known ; the causes of these laws are at 
present under discussion. And the same might be 
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said of many other aeienoea. Tlie diacovory of the 
Lawi of I'/teno7ii€na is, in all cases, the first step in 
exact knowledge ; these Laws may often for & lonj; 
period constitute the whole of our science; and it is 
a.tways a matter requiring great talents and great ef- 
forts, to advance to a knowledge of the Causea of tho 
pLenomen.. 

Hence the lai^er part of onr knowledge of natnre, 
at least of the certain portion of it, consists of the 
knowledge of the Laws of Phenomena. In Astronomy 
indeed, beaidea knowing the rules which guide the ap- 
pearances, and resolving them into the real motions 
from which they arise, we can refer these motions to 
the forces which produce them. In Optics, we have 
become acquainted with a vast number of laws by 
which varied and beautifiil phenomena are governed; 
and perhaps we may assume, since the evidence of the 
Undnlatory Theory has been so fully developed, that 
we know also the Causes of the Phenomena, But in 
a large class of acieneea, while we have learnt many 
Laws of Phenomena, the causes by which these are 
produced are atiU unknown or disputed. Ai-e we to 
ascribe to the operation of a fluid or fluids, and if so, 
in what manner, the facta of heat, magnetism, elec- 
tricity, galvanismi What are the forces by which the 
elements of chemical compounds are held together^ 
What are the forces, of a higher order, as we cannot 
help believing, by which the course of vital action in 
organized bodies is kept upl In these and other cases, 
we have extensive departmenta of science ; but we are 
as y«t unable to trace the effects to their causes; and 
our science, so far as it is positive and certain, consists 
entirely of the laws of phenomena. 

3. In those cases in which we have a division of 
the science which teaches us the doctrine of the causes, 
as well as one which states the nilea which the effects 
follow, I have, in the History, diatinguiahed the two 
portions of the science by certain terms. I have thus 
spoken o^ Formal Astronomy and Physical Astronomy. 
The latter phrase has long been commonly employed to 
describe that depai-tment of Astronomy which deals with 
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their motions ; the former adjective appeura weU ai 
to desoribe a collectioD of rules depeadiog on those ideas 
of space, time, position, number, which are, as we havq J 
alrfady said, the forma of our apprehension of pheno- ' 
mena. The laws of phenomena may be considered as 
forviulte, expressing results in teims of those ideaa. 
In like manner, I have spoken of Formal Optica and 
Physical Optics; the latter division including all 
speculations concerning the machinery by which the 
effects are produced. Formal Acoustiea and Physical 
Acoustics may be distinguished in like manner, al- 
though these two portions of science have been a good, 
deal mixed together by most of those who have treated 
jif them. Formal Thermotics, the knowledge of the 1 
laws of the phenomena of heat, ought in lite n 
to lead to Physical Tbermotios, or the Theory of Heat 1 
with reference to the cause by which its effects e 
produced ; — a branch of science which as yet can hardly 
be said to exL^t. 

3. "What hinds o/caute are we to admit in aciencel ' 
This is an important, and by no means an easy ques- 
tion. In order to answer it, we must consider in what 
manner our progress in the knowledge of causes has 
hitherto been made. By iar the moat conspicuous in- 
stance of success in such researches, is the discovery 
of the causes of the motions of the heavenly bodies. 
In this case, after the formal laws of the motions, — 
their condiljons as to apace and time, — had become 
known, men were enabled to go a step further; to re- 
duce them to the familiar and general cause of motioQ. 
— mechanical force ; and to determine the laws which 
this force follows. That this was a step in addition to 
the knowledge previously possessed, and that it was a 
I'eal and peculiar truth, will not he contested. And a , 
step in any other subject which should be analogous to 
this in astronomy; — a discovery of causes and forces 
as certain and clear as the discovery of universal gravi- 
tation; — would undoubtedly be a vast advance upon 
a body of science consisting only of the laws of phe- 
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4, Bat oltbough phyaical aBtronomy may well lie 
taken as a standard in estimating the value and mag- 
nitude of the advance froni the knowledge of pheno- 
meDa to the knowledge of causes; the peculiar features 
of the transition from formal tu physical science in 
that subject must not ho allowed to limit too narrowly 
onr viewH of the nature of thia transition in other 
coaea. We are not, for example, to consider that the 
step which leads us to the knowledge of causes in any 
province of nature must necessarily consist in the dis- 
covety of centers of forces, and collections of such cen- 
ters, by which the effects are produced. The discovery 
of the causes of phenomena may imply the detection 
of a fluid by whose undulations, or other operations, 
the results are occasioned. The phenomena of acoustics 
are, we know, produced in this manner by the air; 
and in the cases of light, heat, magnetism, and others, 
even if we reject ail the theories of such fluids which 
have hitherto been proposed, we still cannot deny that 
such theories are intelligible and possible, as the dis~ 
eussions concerning them liave shown. Nor can it be 
doubted that if the assumption of such a fiuid, in any 
case, were as well evidenced as the doctrine of univer- 
sal gravitation is, it must be considered as a highly 
valuable theory. 

5. But again; not only must we, in aiming at the 
formation of a Causal Section in each Science of Phe- 
nomena, consider Fluids and their various m.odes of 
operation admissible, as well as centers of mechanical 
force ; but we must be prepared, if it be necessary, to 
consider the forces, or powers to which wo refer the 
phenomena, under still more general aspects, and in- 
vested with characters different from mere mechanical 
force. For example; the forces by which the chemical 
elements of bodies are bound together, and from which 
arise, both their sensible texture, their crystalline form, 
and their chemical composition, are certainly forces of 
a very different nature from the mere attraction of 
niatt^ according to its mass. The powers of assimila- 
tion and reproduction in plants and animals are obvi- 
ously still more removed from mere meohanieni; yet 
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these powers are not on that account less real, 
leaa fit and worthy anbject of scientifie inquiry. 

6. In tact, these forces — mechaoical, chemical and 
Tita], — Bs ve advance from one to the other, ea«h bring 
into onr consideration new characters ; and what these 
characters are, has appeared in the historical sunr^ 
which we made of the Fundamental Ideas of the Tarious 
sciences. It was then shown that the forces by which 
chemical effecfe are produced necessarily involve the 
Idea of Polarity, — they are polar forces; the particles 
tend together in virtue of opposite properties which in 
the coDitiination neutralize each other. Hence, in at- 
tempting to advance to a theory of Caufies in chemistry, 
our task is by no means to invent laws of nte/Jianu^ 
force, and collections of forces, by which the effects 
may he produced. We know beforehand that no such 
attempt can succeed. Our aim must be to conceive 
such new kinds of force, including Polarity among 
their characters, as may beat render the results ia^ 
telligible. 

J. Thus in advancing to a Science of Cause in any 
subject, the labour and the stni^le is, not to analyse 
the phenomena according to any preconceived and 
already familiar ideas, but to form distinctly new con- 
ceptions, such as do really carry ua to a more intimate 
view of the processes of nature. Thus in the case of 
astronomy, the obstacle which deferred the discovery 
of the true causes from the time of Kepler to that of 
Newton, was the difficulty of taking hold of mechanical 
conceptions and axioms with sufficient clearness and 
steadiness; which, during the whole of that interval, 
mathematicians were teaming to do. In the question 
of causation which now lies most immediately in the 
path of science, that of the causes of electrical and 
chemical phenomena, the business of rightly fixing and 
limiting the conception of polarity, is the proper object 
of the effi>rtfl of discoverers. Accordingly a lai^e por- 
tion of Mr Faraday's recent labours' is directed, not to 
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the attempt at discovering new laws of phenomena, but 
to the task of throwing light upon the conception of 
polarity, and of showing how it muat be understood, so 
that it shall include electrical induction and other phe- 
nomena, which have commonly been ascribed to forcea 
acting mechanically at a distance. He is by uo means 
content, nor would it answer the ends of science that 
he should be, with stating the results of hia experi- 
ments; he is constantly, in every page, pointing out 
the interpretation of his experiments, and showing how 
the conception of Polar Forces enters into this inter- 
pretation, ' I shall,' he says', 'use every opportunity 
which presents itself of returning to that strong test of 
truth, experiment; but,' he adds, 'I shall necessarily 
have occasion to speak theoretically, and even hypo- 
thetically.' His hypothesis that electrical inductive 
action always takes place by means of a continuous line 
of polarized particles, and not by attraction and repul- 
sion at a distance, if established, cannot tail to be a 
great step on our way towards a knowledge of causes, 
as well as phenomena, in the subjects under Jiis con- 
sideration. 

8. The process of obtaining new conceptions is, to 
most minds, far more unwelcome than auy labour in 
employing old ideas. The effort is indeed painful and 
oppressive; it ia feeling in the dark for an object which 
we cannot find. Hence it ia not surprising that we 
should far more willingly proceed to seek for new causes 
by applying conceptions borrowed from old ones. Men 
were familiar with solid frames, and with whirlpools of 
fluid, when they had not learnt to form any clear con- 
ception of attraction at a distance. Hence they at 
first imagined the heavenly motions to be caused by 
Crystalline Spheres, and by Vortices. At length they 
were taught to conceive Central Forces, and then they 
reduced the solar system to these. But having done 
this, they fancied that all the rest of the machinery of 
nature must be central forces. We find Newton 
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expresBing this conTiction*, and the mathematiciaiia t)£ 
the last centnry acted upon it very extensively. Wa 
nifty especially remark Laplace's labonra in this field. 
Having explained, by siich forces, the phenomena of 
capillary attraction, he attempted to apply the same 
kind of explanation to the reflection, refraction, and 
double refraction of ligbt; — to the constitution of 
gasea ; — to the operation of heat. It was soon seen that 
the explanation of refraction was arbitrary, and that 
of double refraction illusory; while polarization entire^ 
eluded the grasp of this machinery. Centers of force 
would DO longer represent the modes of causation 
which belonged to the phenomena. Polarization re- 
quired some other contrivauce, such as the undulatory 
theory supplied. No theory of light can be of any 
avail in which the fundamental idea of Polarity is not 
clearly exhibited. 

9. The sciences of magnetism and electricity hare j 
given rise to theories in which this relation of polarity 
b exhibited by means of two opposite fluids'; — a 
positive and a negative fluid, or a vitreous and a resin- 
ous, for electricity, and a boreal and an austral fluid 
for magnetism. The hyjiothesis of such fluids gives 
results agreeing in a remarkable manner with the 
facts and their measures, as Coulomb and others have 
shown. It may be asked how lar we may, in such a 
case, suppose that we have discovered the time cause of 
the phenomena, and whether it is sufficiently proved 
that these fluids really exist. The right answer seems • 
to be, that the hypothesis certainly represents th« 
truth BO far as regards the polar relation of the two 
energies, and the laws of the attractive and repulsive 
forces of the particles in, which these enei^ies reside; 
but that we are not entitled to assume that the vehi- 
cles of these energies possess other attributes of mate- 
rial fluids, or that the forces thus ascribed to the 
partiolea are the primary elementary forces from which 



> MdIU me m 
* Hut iKd. Sc 



1, Ac,— PreL lo lie JVindpia, ilteail/ qi 



OF LAWS OF PHENOMENA ASD OF CAUSES. 1 2 5 

the action origiiiatea. We are the more bouad to 
place this cautious limit to our ncceptujice of the Cou< 
lombian theory, since in electricity Faraday has in 

a endeavoured to bring into view one of tJie polar 
fluids without the other : whereas swch a result ought 
to be possible if there were two separuble fluids. The 
impoBsibihty of this separate exhibition of one fluid 
appears to show that the fluids are real only so far as 
they ai'e po/or. And raradayH view above mentioned, 

ording to which the attractions at a distance are 
resolved into the action of lines of polarized particles 
of air, appears still further to show that the concep- 
tions hitherto entertained of electrical forces, according 
to the Coulombian theory, do not penetrate to the real 
and intimate nature of the causation belonging to this 

10. Since it is thua difficult to know when we have 
seiaed the true cause of the phenomena in any depart- 
ment of science, it may appear to some persons that 
physical inquirers are imprudent and unphilosophical 
in undertaking this Research of Causes; and that it 
would be safer and wiser to confiue ourselves to the 
investigation of the laws of phenomena, in which field 
the knowledge which we obtain is definite and certain. 
Hence there have not been wanting those who have 
laid it down as a maxim that ' science must study only 
the laws of phenomena, and never the mode of produc- 
tion'.' But it is easy to see that such a maxim would 
confine the breadth and depth of scientific inquiries to 
a most scanty and miserable limit. Indeed, such a 
rule would defeat its own object; for the laws of phe- 
nomena, in many cases, cannot be even expressed or 
understood without some hypothesis i-especting their 
mode of production. How could the phenomena of 
polarization have been conceived or reasoned upon, 
except by imagining a polar arrangement of particles, 
or transverse vibrations, or some equivalent hypothe- 
sis ! The doctrines of fits of easy transmission, the doc- 
trine of moveable polarization, and the like, even when 

* Comte.PftiloBjiftfei'oiiHM. 




COSBTRUCTIOS OJ SCIESCB. 



8 representing ibe whole of the pbeoomens, 
were still useful in combining some of them into laws; 
:kiiil withbut some Bach hypotheses the &ets could not 
h&ve been followed oat. ^e doctrine of a fluid caloric 
may be table; but without imagining such a fluid, how 
could the movement of beat from one part of a body to 
another be conceived 1 It may be replied that Fourier, 
Laplace, Foisson, who have principally cultivated tbo 
Theory of Heat, have not conceived it aa a fluid, but 
iiave referred conduction to tbe radiation of the mole- 
cules of bodies, whicb they suppose to be separate points. 
But this molecular constitution of bodies is itself an. 
assumption of the mode in which the phenomena are 
produced ; and the radiation of heat Koggeata inquiries 
conctaTiing a fluid emanation, no less than its couduo- 
tion docs. In like manner, the attempts to connect 
the laws of phenomena of heat and of gases, have led 
to hypoChesea respecting the constitution of gasea, and 
the combination of their particles with those of caloric^ 
which hypotheses may bo &lse, but are probably tha 
best means of discovering the truth. 

To debar science from inquiries like these, on the' 
ground that it is her business to inquire into (acti, 
jLod not to speculate about causes, is a curious esample 
of that barren caution which hopes for truth withonl; 
daring to venture upon the quest of it. Thia temper 
would have stopped with Kepler's discoveries, and 
would have reiused to go on with Newton to inquire 
into the mode in which the phenomena are produced. 
It would have stopped with Newton's optical fects, 
and would have revised to go on with him and his 
successors to inquire into the mode in which these 
phenomena are produced And, as we have abundantly 
shown, it would, on that very account, have failed in 
seeing what the phenomena really are. 

In many subjects the attempt to study the laws of 
phenomena, independently of any speculations respect- 
ing the causes which have produced them, is neither 
(Htssible for human intelligence nor lor human temper. 
Men cannot contemplate the phenomena without 
clothing them in terms of Bome hypothesis, and will 
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nnt be achooled to suppi'ess the questioiiings which, at 
every moment rise up within them concerning the 
causes of the pheaomeoa. Who can attend to the 
appearances which come under the notice of the geolo- 
gist;— strata I'egularly bedded, full of the remains of 
animals Guch an now live in the depths of the ocean, 
raised to the tups of mountaiu», broken, contorted, 
mixed with rocks such as etiH flow from the mouths of 
volcanos;^ — who can see phenomena like these, and 
imagine that he best promotes the progress of our 
knowledge of the earth's history, by noting down the 
&cte, and abstaining from all inquiry whether these 
are really proofs of past states of the earth and of sub- 
terraneous forces, or merely an accidental imitation of 
the effects of such causes 1 In this and similar cases, 
to proscribe the iuquiiy into causes would be to anni- 
bilate the science. 

Finally, this caution does not even gain its own 
tungle end, the escape from hypotheses. For, as we 
have said, those who will not seek for new and appro- 
priate eauaea of newly-studied phenomena, are almost 
inevitably led to ascribe the facts to modifications of 
causes already familiar. They may declare that they 
will not hear of such causes as vital powers, elective 
affinities, electric, or calorific, or luminiferous ethers or 
fluids; but they will not the less on that account 
assume hypotheses equally imauthorized ; — tor instance 
— universal mechanical forces; a molecular oonstitn- 
tion of bodies; solid, haivi, inert matter; — and will 
apply these hypotheaes in a manner which is arbitraiy 
in itself as well as quite insuffieient tor its purpose. 

II, It appears, then, to be required, both by the 
analogy of the most successful efforts of science in past 
times and by the irrepressible speculative powers of 
the human mind, that we should attempt to discover 
both the laws o/pIienomeTia, and their causes. In every 
department of science, when prosecuted far enough, 
these two great steps of investigation must succeed 
each other. The laws of phenomena must be known 
before we can speculate concerning causes ; the causes 
must be inquired into when the phenomena have been 
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reduced to rule. In both these Bpeculationa the sup- ■ 
positions and conceptiong which occur must he con- 
stantly tested hy reference to obaervation and experi- 
ment. In both we musit, aa far as possible, devise 
hypotheses which, when we thus test them, display 
those characters of truth of which we have already 
spoken ;— an agreement with facts such as will stand 
the most patient and rigid inquiry; a provision for 
predicting truly the results of untried oases ; a consi- 
lience of inductions from various classes of facts; Mid 
a progressive tendency of the scheme to simplicity and 1 

We shall attempt hereafter to give several rules of s a 
more precise and detailed kind for the discovery of the I 
causes, and still more, of the laws of phenomena. Bat I 
it will be useful in the first place to point out tha 1 
Classihcation of the Sciences which results boia th<^J 
principles already established in this word. And f 
this purpose we must previously decide the qnestio 
■whether the practical Arts, aa Medicine and Engines 
ing, must be included in onr list of Sciences. 



CHAPTER VIII. 
Op Abt and Science. 



Aphokism XXV. 

Jirt (Hid SeUncB difer. The object of Sclmee ia Ktunv- 

ledge; &e objects of Art, are Worh. In Art, truth ia a 

means to an end; in Science, it U the only end. Hence the 

Praetieal Arts are not to be clasied among the Sciences. 

Aphorism XXVI. 

Praetieal Knowledge, siieh at Art implies, ia not Kttoiu- 
tedge such as Science includes. Brute animals have a prac- 
tical knowledge of relations of space and force; but thetf have 
no knowledge of Qeomdry or Mechanics. 

r. rriHE distinction of Arts and Sciences very mate- 
X lially affeeta all clasBifieationa of the departmenta 
of Human Knowledge. It is often maintained, ex- 
pressly or tacitly, tliat tlie Arts are a part of oar 
knowledge, in the same aense in which the Soiencea 
are so; and that Art is the application of Science to the 
purposes of practical life. It will be found that these 
viewB require some correction, when we understand 
A'cience in the exact sense in which we have through- 
out endeavoured to contemplate it, and in which alone 
our eaiamination of its nature can instruct «s in the 
true foundations of our knowledge. 

When we cast our eyea upon the early stages of 
the histories of nations, we cannot fail to be struck 
with the consideration, that in many countries the 
Arts of life already appear, at least in some rude form 
or other, when, as yet, nothing of science esistfl. A 
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practical knOTle>]gei of AEtrooomj', nidi as enaUo d 
to reokou moiiths anil jeat% is tounil MooDg all nrti 
except the mere aarages. A jnactieal kmmdedge a 
MechanicB must have existed in thooe natiianB wliidi 
have left u:s the gigantic monmnsite of early anlthee- 
ture. The pyramids and templa of Egypt and XnUa, 
the Cyclopean walls of Italy and Greece, the tempiea 
of Magna Gnecia and Sicily, the obelisks and edi" 
of IIldv^ the cromlechj and Dmidical aides of o 
tries fbnneriy Celtic, — must hare demanded i 
practical mechanical skill and power. Yet thoee 
modes of reckoning time most have preceded the rise 
of speculative Astronomy j these structures must have 
been erected before the theory of Mechanics was 
known. To suppose as some hare done, a great body 
of Bcieaic^ now lost, to have existed in the remote 
ttgea to which these remains belong, is not only quite 
gr&tuitous and contrary to all analogy, but is a sappo- 
sition which cannot be extended so &r as to explain 
all such cases. For it is imporaible to imagine that 
eivry art has been preceded by the science which ren- 
ders a reason for its processes. Certainly men formed 
wine from the grape, before they possessed a Science i^ 
Fermentation ; the first instmctor of every artificer in 
brass and iron can hardly be supposed to have taught 
the Chemistry of metab as a Science; the inventor 
of the square and the compasses had probably no more 
knowledge of demonstrated Geometry than have the 
artisans who now use those implements; and finally, 
the use of speech, the employment of the inflections 
and combinations of words, most needs be assumed as 
having been prior to any general view of the nature 
and analogy of Language. Even at this moment, the 
greater part of the arts which exist in the world are 
not accompanied by the sciences on which they theo- 
retically depend. Who shall state to us the general 
chemical truths to which the manufactures of glass, 
and porcelain, and iron, and brass, owe their existence? 
Do not almost all artisans practise many successful 
Mtifices long before science explains the gn 
process! Do not arts at this day exists in a high stat^J 
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of perfectioD, in countries inwliich there is no science, 
as China antl India? These CDuntries and many others 
have no theories of mechanics, of optics, of chemiatiy, 
of physiology; yet they construct and use mochaniwd 
and optical instrument, moke chemical combinations, 
take advantage of physiological lawF. It ia too evident 
to need further illustration that Art may exist without 
Science ; — that the former has usually been anterior to 
the latter, and even now commoaly advances inde- 
pendently, leaving science to follow as it can. 

a. We here m.ean by Science, that exact, general, 
speculative knowledge, of which we have, throughout 
this work, been endeavouring to exhibit the nature 
and rules. Between such Science and the praotical 
Art» of life, the points of difference are sufficiently 
manifest. The object of Science is Enmoledge ; the 
object of Art are Woris. The latter is satisfied with 
producing its material results; to the former, the ope- 
rations of matter, whether natural or artificial, are 
interesting only so far as they can be embraced by 
intelligible principles. The End of Art is the Beginning 
of Science; for when it is seen what is done, then 
comes the question why it is done. Art may have 
fixed general rules, stated in words; but she has 
these merely as means to an end ; to Science, the pro- 
poaitions which she obtains are each, in itself, a suffi,- 
dent end of the effort by which it is acquired. When 
Art has brought forth her product, her task is finished; 
Science is constantly led by one step of her path to 
another: each proposition which she obtains impels 
her to go onwards to other propositions more general, 
more profound, more simple. Art puts elements toge- 
ther, without oaring to know what they are, or why 
they coalesce. Science analyses the compound, and at 
every such step strives not only to perform, hut to 
imderstand the analysis. Art advances in proportion 
as ahe becomes able to bring forth products more 
multiplied, more complex, more various; but Science, 
straining her eyes to penetrate more and more deeply 
into the nature of things, reckons her success in pro- 
portion as she sees, in all the phenomena, however 
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multiplied, complex, and varied, the residta of 
two eimple and general laws. 

3. There are many acts which man, as well 
animals, performs by the guidance of nature, without 
seeing or seeking the reason why he does so; as, the 
acts by which he balances himself in standing or 
moving, and those by which he judges of the form and 
position of the objects around him. These actions 
have their reason in the principles of geometry and 
mechanics; but of such reasons he who thus acta is 
unaware : he works blindly, under the impulse of an 
unknown principle which we call Inatinet. When 

speculative nature seeks and finds the teasoas 
why he should act thus or thus; — why he should 
stretch out his onn to prevent his ialling, or assign a 
certain position to an object in consequence of the 
angles under which it is seen ; — he may perform the. 
same actions as before, but they are then done by the 
aid of a different faculty, which, for the sate of dis- 
tinction, we may call Insight. Instinct is a purely 
active principle j it is seen in deeds alone; it has no 
power of looking inwards; it asks no questions; it haK 
no tendency to discover reasons or i-ules; it is tha 
opposite of Insight. 

4. Art is not identical with Instinct ; on the con- 
trary, there are broad differences. Instinct is station- 
ary; Art is progressive. Instinct is mute; it acta, 
but gives no rales for acting : Art can speak ; she can 
lay down rules. But though Art is thus separate 
irom Instinct, she is not essentially combined with 
Insight. She can see what to do, bat she needs not 
to see why it is done. She may lay down Gules, but it 
is not her business to give E^asons. When man makes 
that his employment, he enters upon the domain of 
Science. Art (aJtes the phenomena and laws of nature 
as she finds them : that they are multiplied, complex, 
capricious, incoherent, disturbs her not. She is con- 
tent that the rules of nature's operations should bo 
perfectly arbitrary and unintelhgible, provided they 
are oonstant, so that she can depend upon their effects 
But Science is impatient of all appearance of caprice. 
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inconaisteiicy, irregularity, in nature. She will not 
telieve in the existence of B«ch characters. She re- 
solves one apparent anomuly after another ; her task is 
not ended till every thing is so plain and eimple, that . 
she ia tempted to believe that she sees that it could by 
no poBsibifity have been otherwise than it is. 

5. It may be said that, after all. Art does reaUy 
involve the knowledge which Science delivei-s; — that 
the artisan who raises large weights, practically knows 
the properties of the mechanical powers; — that he 
who manufacktrea chemical compounds ia virtoally 
acquainted with the laws of chemical combination. 
To this we reply, that it might on the same gi'ounds 
be asserted, that he who acta upon the principle that 
two sides of a triangle are greater than the third is 
really acquainted with geometry; and that he who 
balances himself on one foot knows the properties of 
the center of gravity. But this is an acquaintance 
with geometry and mechanics which even brute ani- 
mus possess. It is evident that it is not of such 
knowledge as this that we have here to treat. It is 
plain that this mode of posseting principles ia alto- 
gether different from that contemplation of them on 
which science ia founded. We neglect the moat essen- 
tial and nLanifest differences, if we confound our un- 
conscious assumptions with our demonstrative reason- 
ings. 

6. The real state of the case is, that the principles 
which Art involves, Science alone evolves. The truths 
on which the success of Art depends, lurk in the 
artist's mind in an undeveloped state; guiding his 
hand, stimulating his invention, balancing his judg- 
ment, but not appearing in the form of enunciated 
Propositions. Principles are not to bim dii-ect objects 
of meditation ; they are secret Powers of Nature, to 
which the forms which tenant the world owe their 
constancy, their movements, their changes, their luxu- 
riant and varied growth, but which he can nowhere 
directly contemplate. That the creative and directive 
Principles which have their lodgment in the artist's 
mind, when unfolded by our speculative powers into 



CHAPTER IX 
Of the Classification op Sciehckb. 



I. ri^HE Claestficatioa of Scdences lias its chief use in 
X pointing out to tih the extent of our powers of 
arriving at tnitb, and the analogies which may obtain 
between thoae certain and lucid portiona of knowledge 
with which we are here concerned, and those other , 
portionfl, of a yery different interest and evidence, 
which we hei'e purposely abatain to touch upon. The 
classification of human knowledge will, therefore, have 
a more peculiar importance when we can include in it 
the moml, political, and metaphysical, as well as the 
physical portiona of our tnowledga But such a suiv 
vey doea not belong to our preaent undertaking : and 
a general view of the connexion and order of the 
branches of sciences which our review has hitherto in- 
cluded, will even now posaesa some interest ; and may 
serve hereafter as an introduction to a more complete 
scheme of the general body of human knowledge. 

2. In this, as in any other case, a sound claaaifica- 
tion inuat be the result, not of any assumed principles 
imperatively applied to the subject, but of an exami- 
nation of the objecta to be classified;— of an analysis of 
them into the principles in which they agree and differ. 
The Classification of Sciences must result from the 
conaideration of their nature and contents. Accord- 
ingly, that reviewof the Sciences in which the History of 
the Sciences engaged us, led to a Classification, of which 
the main features are indicated in that work. The 
Glasaification thus obtained, depends neither upon the 
faoultieH of the mind to which the separate parts of 
our knowledge owe their origin, nor upon the objects 
which each Boience contemplates; but upon a more 
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natural and fundamental element;. — ^namely, the Ideag 
■which each science involves. The Ideas regulate and 
connect the facts, and are the foundations of the rea- 
soning, in each ecience : and having in another work 
more ftiUy esamined these Ideas, we are now prepared 
to state here the clasaifioation to which they lead. If 
we have rightly traced each science to the Conceptions 
which are really fundamental viith regard to it, and 
which give rise to the first principles on which it 
depends, it is not neceBsary for our purpose that we 
shoidd decide whether these Conceptions are absolutely 
ultimate principles of thought, or whether, on the con- 
trary, they can be further resolved into other Funda- 
mental Ideas, We need not now suppose it deter- 
mined whether or not Nwmher is a mere modification 
of the Idea of Time, and Force a mere modification of 
the Idea of Cause ; for however this may be, our Con- 
ception of Number is the foundation of Arithmetic, 
and our Conception of Force is the foundation of Ma- 
chauios. It is to be observed also that in. our classifi- 
cation, each Science may involve, not only the Ideas 
or Conceptions which are placed opposite to it in the 
list, but also all which precede it Thus Fonnal Astro- 
nomy involves not only the Conception of Motion, but 
also those which are the foundation of Arithmetic and 
Geometry. In like manner. Physical Astronomy em- 
ploys the Sciences of Statics and Dynamics, and thus, 
rests on their foundations ; and they, in turn, depend 
npon the Ideas of Space and of Time, aa well as of 
Cause. 

3, We may further observe, that this arrangement 
of Sciences according to the Fundamental Ideas which 
they involve, points out the transition from those parts 
of human knowledge which have been included in our 
History and Philosophy, to other regions of speculation 
into which we have not entered. We have repeatedly 
found ourselves upon the borders of inquiries of a 
pfjchologioal, or moral, or theological nature. Thus 
the History of Physiology' led us to the consideration 

1 EiiL Jn& So. b. xvU. c r. Met. & 
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of Life, Sensation, and Volition j and at those Ideaa wd 
stopped, that -we might aot tranRgresH tho boundaries of 
our subject as then predetermiued. It ia plain that 
the pursuit of such conceptions and their consequences, 
would lead us to the sciences (if we are allowed to call 
theni scienoea) which contemplate not only animal, but 
human principles of action, to Anthropology, and Psy- 
chology. In other ways, too, the Ideas which we have 
examined, although manifestly the fonndatioua of sot' 
encea such as we have here treated of, also plainly 
pointed to specidations of a different order; thus the 
Idea of a f^al Cause is an indispensable guide in 
Biology, as we have seen ; but the conception of Design 
as directing the order of nature, once admitted, soon 
carries us to higher contemplations, Again, the Class 
of Palaetiological Sciences which we were in the Sit' 
tory led to construct, although we there admitted only 
one example of the Class, namely Geology, does in 
reality include many vast lines of research; as the 
history and causes of the diffusion of plants and tmi- 
mals, the history of langu^es, arts, and consequently 
of civihzation. Along with these researches, comes 
the question how far these histories point backwards to 
a natural or a supernatural origin ; and the Idea of a 
First Cause is thus brought under our donsideration. 
Finally, it is not difficult to see that as the Physical 
Sciences have their peculiar governing Ideas, which 
support and shape them, so the Moral and Political 
Sciences also must similarly have their fundamental 
and formative Ideas, the source of universal and cer- 
tain truths, each of their proper kind. But to follow 
out the traces of this analogy, and to verify the ex- 
istence of those Fundamental Ideas in Morals and 
Politics, is a task quite out of the sphere of the work 
in which we are here engaged. 

4. We may now place before the reader our Classi- 
fication of the Scienoea. I have added to the list of 
Scienoea, a few not belonging to our present subject, 
that the nature of the transition by which we are to 
extend our philosophy into a wider and higher region 
may be in some measure perceived. 
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The CiRasificatioii of the Sciences is given orer leaf. 

A few remarks upon it offer themselves. 

The Pure Mathematical Boiencea can hardly be called 
Inductive Sciences. Their principles are not obtained 
by Induction from Facts, but are necessarily assumed 
in reasoning upon the subject matter which those 
sciences involve. 

The Astronomy of the Ancients aimed only at ex- 
plaining the motiona of the heavenly bodies, as a mecha- 
nism. Modern Astronomy explains these motions on 
the principles of Mechanics. 

The term Physics, when confined to a peculiar 
class of Sciences, is usually nnderstood to exclude the 
Mechanical Sciences on the one side, and Chemistry 
on the other; and thus embraces the Secondary Mecha- 
nical and Analytico-Mechanical Sciences. But the ad- 
jective Physical applied to any science and opposed 
to Pormal, as in Astronomy and Optics, impliea those 
speculations in which we consider not only the Laws 
of Phenomena but their Causes- and generally, as 
in those cases, their Mechanical Causes. 

The term Metaphysics is applied to subjects in which 
the Facts examined are emotions, thoughts and mental 
conditionsj subjecta not included in our present survey. 
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CHAPTER I. 

Ihteoduction. 



ApHORiair XXTII 

The Methoih by wliieh the comtrtiction of Science is pro- 
ttuted art, Methods of Obserration, Methods of obtaiuing 
clear IdCBS, and Methods of Induction. 

I. TN the preceding Book, we pointed out certaia 
X general Charaoters of scientific kno'wleilge which 
may often serve to distinguish it from opinions of a 
looser or vaguer kind. In the course of the progress 
of knowledge from the earKeat to the present time, men 
have been led to a perception, more or leas clear, of 
these characteristics. Various philosophers, fi^om Plato 
and Aristotle in the ancient 'world, to Kichard de Saint 
Victor and Roger Bacon in the middle ages, Gialileo 
and Gilbert, Francis Bacon and Isaac Newton, in modern 
times, were led to offar precepts and maxima, as fitted 
to guide us to a real and fundftmental knowledge of 
nature. It may on another occasion be our business 
to estimatfl the value of these precepts and maxims. 
And other contributions of the same kind to the phi- 
losophy of science might be noticed, and some which 
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■FORMATION OF SCIENCE, 

peculiar object of attention. Tte treatment of these 
subjects in the present work must neceaaarily be scanty 
and imperfect, although we may pei'haps be able to add 
aomething to what has hitherto been ^^tematically 
taught on these heads. Methods of Observation and 
of Induction might of themselves ibrm an abundant 
subject for a treatise, and hereafter probably will do 
BO, in the hands of future writers. A few remarks, 
offered as contributions to this subject, may serve to 
show how extensive it is, and how much more ready 
it now is than it over before was, for a systematic dis- 

Of the above steps of tlie formation of science, the 
first, the DecomjMsition of Facts, has already been 
sufficiently explained in the last Book: for if yi^i 
pursue it into further detail and exactitude, we find 
that we gradually trench upon some of the succeed- 
ing parts. I, therefore, proceed to treat of the second 
step, the Measurement of Phenomena; — of Methods 
by which this work, in its widest sense, is executed, 
and these I shall term Methods of Observation. 
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CHAPTER II. 

Of Methods of Ob9ERTATION. 



Apuomsh XXVIII. 
Thi Maltods of Ob»ervation of Quajift'h/ m genial are, 
Numeration, whieh is prease 6y the nature of Number; tke 
Measurement of Space and of Time, which are easily made 
preciaei the CenverBion cf Space and Time, by ivhkh each 
aids the measurement of iht other; the Method of Repe- 
tition; the Method of Coincidences or Interferences. The 
meaturement of Waght is made precise by Ih^ Metliod of 
Double- weighing. Secondary Qualities are measured by 
meajia of Bcales of Degrees; but in order to apply these 
Sealet, the student requires the Education of the Senses. 
The Education of the Senses is forwarded by the practical 
ttudy o/' Deecriptire Natural History, Chemical Manipu- 
latioa, and AGtronomical ObeerTStion. 

I. T SHALL speak, in this chapter, of Methods 
X of exact and systematic observation, by which 
such facts are collected aa form the materials of precise 
scientific propositiona. These Methods are very Tari- 
oua, according to the nature of the subject inquired 
into, and other circumstances: but a great portion of 
them agree in being precessea of measurement. These 
I shall peculiarly consider : and in the first place those 
referring to Number, Space, and Time, whicli are at 
the same time objects and instruments of measure- 

z. But though we have to explain how observa- 
tions may be made as perfect as possible, we must not 
forget that in most cases complete perfection is unat- 
tainabla Observations are never perfect. For wo 
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observe pliei 
relations in time a 
meaaurea are all, from i 
■we have to observe tbe exact plac 
tbe stars, how mucli of instnimeotal apparatus i 
necessary ! This apparatus has been improved by 
many Bucceaaive generations of astronomers, yet it is 
still far from being perfect. And the senses of man, 
as weU as his implements, ei'e limited in their exact- 
ness. Two different observers do not obtain precisely 
the same measures of the time and place of a pheno- 
menon; as, for instance, of the moment at whieh the 
moon occults a star, and the point of her limb at which 
the occultation takes place. Here, then, ia a source of 
inaccuracy and errour, even in astronomy, where the 
means of exact observation are incomparably more 
complete than they are in any other department of 
human research. In other cases, the task of obtaining 
accurate measures is far more difflcult. If we have 
to observe the tides of the ocean when rippled with 
waves, we can see the average level of the water first 
rise and then fall; but how hard is it to select the exact 
moment when it is at its greatest height, or the exact 
highest point which it reaches ! It is very easy, in such 
a case, to err by many minutes in time, and by several 
inches in space. 

Still, in many cases, good Methods can remove very 
much of this inaccuracy, and to these we now proceed. 

3. (I.) Nv/mher. — Number is the first step of mea- 
surement, since it measures itself, and does not. Like 
space and time, require an arbitrary standard. Hence 
the first exact observations, and the first advances of 
rigorous knowledge, appear to have been made by means 
of number; as for example, — the number of days in a 
month and in a year ; — the cycles according to which 
eclipses occur; — the number of days in the revolutions 
of the planets; and the like. All these discoveries, as 
we have seen in the History of Astronomy, go back to 
the earliest period of the science, anterior to any dis- 
tinct tradition ; and these discoveries presuppose a series, 
probably a very long series, of observations, made prin- 
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cipally by means of number. Nations so rude as to 
have no other means of exact meaaurement, have still 
8 of numeration by which they can reckon to a 
considerable extent. Very often, such nations have very 
complex systems, which are capable of expressing num- 
bers of great magnitude, Number supplies the means 
of measuring other quantities, by the aasmnption of a 
unii of measure of the appropriate kind; but where 
nature sappliea the unit, number is applicable directly 
and immediately. Number is an important element iu 
the Classificatory as well as in the Mathematical Sci- 
ences. The History of those Sciences shows how the 
formation of botanical systems was effected by the adoi>- 
tion of number as a leading element, by Cfesalpinus ; 
and how afterwards the Reform of Linnteus in clasaifi- 
catioa depended in a great degree on his finding, in the 
pistils and stamens, a better nnmerical basis than those 
before employed. In like manner, the number of rays 
in the membrane of the gills', and the number of rays 
in the fins of fish, were found to be important elements 
in ichthyological classification by Artedi ^id Liimseiis. 
There are innumerable instances, in all parts of Natural 
History, of the importance of the observation of num- 
ber. And in this observation, no instrument, scale or 
standard is needed, or can be applied ; except the 
scale of natural numbers, expressed either in words or 
in figures, can be considered as an instrument. 

4, (II.) Measur^m^ii 0/ Space. — Of quantities ad- 
mitting of contintiOits increase and decrease, (for num- 
ber is discontinuous,) spa«e is the most simple in its 
mode of measurement, and requires most frequently to 
be measured. The obvious mode of measuring space is 
by the repeated application of a material measure, as 
when we take a foot-rule and measure the length of a 
room. And in this case the foot-nde is the unit of 
space, and the length of the room is expressed by the 
number of such units which it contains : or, as it may 
not contain an exact number, by a number with a 
fraction. But besides this meaaurement of linear space, 

1 Hial. imt St b. ivL a rti. 
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there is another kind of space which, for purposes of 
science, it ia still more importiint to mensure, namely, 
angular epace. Tho visible heavens being considered 
as a sphere, the portions and paths of the heavenly 
bodies are determined by drawing circles on the aurfaoe 
of this sphere, and are expressed by means of the parts 
of these circles thus intercepted : by such measures tha 
doctrines of astronomy were obtained in the very begin- 
ning of the science. The arcs of circles thus measured, 
are not like linear spaces, reckoned by means of an 
arHtrary unit; for there ia a naiurai vm.it, the total 
circumference, to wliich all arcs may be referred. For 
the sake of convenience, the whole circumference is 
divided into 360 parts or degrees; and by means of 
these d^rees and their parts, all arcs are expressed. 
The arcs are the measures of the angles at the center, 
and the degrees may be considered indifferently as 
measuring the one or the other of these quantities. 

5, In the History of Astronomy', I have described 
the method of observation of celestial angles employed 
by the Greeks. They determined the lines in which 
tlie heavenly bodies were seen, by means either of 
Shadows, or of Sights; and measured the angles be- 
tween such linos by arcs or rules properly applied to 
them. The ArmiJlj Astrolabe, Moptra, and Paral- 
lactic Instrument of tho ancients, were some of the 
instruments thus constructed. Tycho Brahe greatly 
improved the methods of astronomical observation by 
giving steadiness to the frame of his instruments, 
(which were large guadravUi,) and accuracy to the 
divisions of the limb'. But the application of the tele- 
scope to the astronomical quadrant and the fixation of 
the center of the field by a cross of fine wires placed in 
the focus, was an immense improvement of the instru- 
ment, since it substituted a precise visual ray, pointing 
to the star, instead of tho coarse coincidence of Sights. 
The accuracy of observation was still further increased 
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by applying to the telescope a micrometer whitli miglit 
Bubdivide the smaller diTiaionB of the arc. 

6. By this mean a, the precision of astronomical ob- 
servation vas made so great, that very minnte angular 
spaces could be measured : and it then became a ques- 
tioa whether discrepancies which appeared at first as 
defects in the theoiy, might not arise sometimes from 
a bending or shaking of the instroment, and from the 
degrees marked on the limb being really somewhat 
unequal, instead of being rigorously equal. Accord- 
ingly, the framing and balancing of the instrument, so 
as to avoid all possible tremor or flexure, and the exact 
division of an arc into equal parts, became great objects 
of those who wished to improve astronomical oljserva- 
tions. The observer no longer gazed at the stai's from 
a lofty tower, hut placed his telescope on the solid 
groimd, and braced aad balanced it with various con- 
trivances. Instead of a quadi-ant, an entire circle was 
introduced (by Eamsden ;) and various processes were 
invented for the dividing of instruments. Among 
these we may notice Troughton's method of dividing; 
in which the visual ray of a microscope was substituted 
for the points of a pcur of compasses, and, by stepping 
round the circle, the partial arcs were made to bear 
their exact relation to the whole circumference. 

7. Astronomy is not the only science which de- 
pends on the measurement of angles. Crystallography 
also requires exact measures of this kind; and the 
goniometer, especially that deviaed by WoUaston, sup- 
plies the means of obtaining such measures. The 
acience of Optics also, in many cases, requires the mea- 
surement of angles. 

8. In the muasurement of linear space, there is no 
natural standard which offers itself Most of the com- 
mon measures appear to be t^en from some part of 
the human body; aa a. foot, a cubii,a,/at!ioTn; but such 
measures cannot possess any precbion, and are altered 
by convention: tiiua there were in ancient times many 
kinds of cubits; and in modern Europe, there are a 
great number of different standards of the foot, as the 
Rhenish foot, the Paris foot, the English foot. It is 
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very desirable that, if possible, somo jiermanent a 
ard, founded in nature, abould be adopted; for the con- 
ventiona! measures are lost in tlie course of ages; and 
thus, dimeusiona expressed by means of thera become 
imintelligible. Two different natural standards have 
been employed in modem times; the French have 
referred their measureH of length to the total circum- 
ference of a meridian of the earth; a quadrant of this 
meridian consists of ten million units or Tnelres. The 
English have fixed their linear measure by reference to 
the length of a pendulnm which employs an esact 
second of time in its small oscillation. Both these 
methods occasion eonaiderable difficulties in carrying 
them into effect; and are to be considered mainly as 
means of recovering the standard if it shonld ever be 
lost. For common purposes, some material standard is 
adopted as authority for the time : for example, the 
standard which in England possessed legal authority 
up to the year 1835 was preserved in the House of 
Parhament; and was lost in the conflagration which 
destroyed that edifice. The standard of length now 
generally referred to by men of science in England is I 
that which is in the possession of the Astronomical | 
y of London. 

A standard of length being established, the 
artifices for applying it, and for suMividing it in the 
most accnrate manner, are nearly tho same as in the 
case of measures of arcs ; as for instance, the employ- 
ment of the visual rays of microscopes instead of the 
legs of compasses and the edges of rules; the use of 
micrometers for minute measurements; and the lite. 
Many different modes of avoiding errour in such mea^ 
surements have been devised by various observera, 
according to the nature of the cases with which they 
had to deal'. 

ro. {Ill-) Meaewrmient of Time. — The methods of 
measuring Time are not so obvious as the methods of 
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measuring space; for we cannot apply one portion of 
time to another, so aa to teat thoir equality. We are 
obliged to begin by asauming some change as the mes' 
sure of tima Thus the motion of the sun in the sty, 
or the length and pofsition of the shadows of objecia, 
were the first modes of measuring the parts of the day. 
But what assnrance had men, or what assurance could 
they have, that the motion of the san or of the shadow 
■was uniform ) They could have no such assurance, 
till they had adopted some measure of amaller times; 
which smaller times, making up larger times by repe- 
tition, they took as the standard of uniformity; — for 
example, an hour-glass, or a clepsydra which answered 
the same purpose among the ancients. There ia no 
apparent reason why the successive periods measured 
by the emptying of the hour-glaaa should be unequal ; 
tbey ate im])licitly accepted as equal; and by reference 
to these, the uniformity of the sun's motion may be 
verified. But the great improvement in the measure- 
ment of time was the use of a pendulum for the pur- 
pose by Gfdileo, and the application of this device to 
clocks by Huyghens in 1656. For the successive oscil- 
lations of a pendulum are rigorously equal, and a clock 
is only a train of machinery employed for the purpose 
of counting these oscillations. By means of this inven- 
tion, the measure of time in aatrononucal observations 
became as accurate as the measure of space. 

1 1. What ia the natural unit of tiine ? It was as- 
sumed from the first by the Greek astronomers, that 
the sidereal days, measured by the revolution of a star 
from any meridian to the same meridian again, are 
exactly equal ; and all improvements in the measure of 
time tended to confirm this assumption. The sidereal 
day is therefore the natural standard of time. But the 
solar day, determined by the diurnal revolution of the 
sun, although not rigorously invariable, as the sidereal 
day is, undergoes scarcely any perceptible variation; 
and since the course of cbily occurrences is regulated 
by the sun, it is far more convenient to seek the basis 
of our unit of time in his rootiona. Accordingly the 
solar day {the mean solar day) is divided into 24 hours. 
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and tliese, into minutea and Beconds; and this iB oar 
scale of tima Of euch time, the sidereal day has »3 
hours 56 minutes 4-0^ seconds. And it is plain that 
by swell a statement the length of the hour is Szed, 
with reference to a sidereal day. The standard of , 
time (and the standard of apace in like manner) oquaUy 
finawerB its purpose, whether or not it coincides w'" 
any whole nuriAer of units. 

I a. Since tho sidereal day is thus the standard of 
our measures of time, it becomes desii-able to refer to 
it, constantly and exactly, the instruments by which 
time is measured, in order that we may secure our- 
selves against errour. For this purpose, in astronomical . 
observatories, observations are constantly raade of the 
transit of stars across the meridian; the tranaU in- J 
etrument with which t^liia is done being adjusted with 
all imaginable regard to accuracy'. 

13. When exact measures of time are require 
other than astronomical observations, the same instra- 
ments ore still used, namely, clocks and chronometers. 
In chronometers, the regulating part is an oscillating 
body; not, aa in clocks, a pendulum oscillating by the 
force of gravity, but a wheel swinging to and fro on 
its center, in consequence of the vibrations of a slen- 
der coil of elastic wire. To divide time into still 
smaller portions than these vibrations, otlier artifices 
are used ; Bojne of which will be mentioned under the 
next head. 

14. (IV.) Conmr^n of Space and Time.~%pax)a 
and time agree in being extonded quantities, which are i 
made up and measured by the repetition of homoge- ' 
neous parts. If a body move uniformly, whether in 
the way of revolving or otherwise, the space which any 
point describes, is proportioned to the tifne of its 
motion; and the space and the time may each be 
taken as a measure of the other. Hence in such oaseH, 
by taking space instead of time, or time instead of 
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space, we may oftea obtain more convenient and pre- 
cise measures, than ve can by measuring directly the 
element with which we are concerned. 

The most prominent example of such a oonversion, 
is the nieaaurement of the Right Ascension of stars, 
(that is, their angular distance from a standard meri- 
dian^ on the celestial uphere,) by meana of the time 
employed in their coming to the meridian of the place 
of observation. Since, as ye have already stated, the 
viaible celestial sphere, carrying the fixed stars, re- 
Tolves with perfect uniformity about the pole ; if we 
observe the stars as they come in succession to a fixed 
circle passing through the poles, the intervals of time 
between these observations will te proportional to the 
angles -which the meridian circles passing through these 
stars make at the poles where they meet; and hence, 
if we have the means of measuring time with great 
accuracy, we can, by watching the tiniea of the transits 
of successive stars across some viaible mark in our own 
meridian, determine the angvlar distances of the meri- 
dian circles of all the stars from one another. 

Accordingly, now that the pendulum clock affords 
astronomers the means of determining time exactly, a 
measurement of the Right Ascensions of heavenly 
bodies by meana of a clock and a tmnsit instrument, 
is a part of the regular business of an observatory. If 
the sidereal clock be so adjusted that it marks the 
beginning of its scale of time when the first point of 
Bight Ascension is upon the visible meridian of our 
observatory, the point of the scale at which the clock 
points when any other star is in our meridian, wHi 
truly represent the Right Ascension of the star. 

Thus as the motion of the stai-s is our measure of 
time, we employ time, conversely, as our measure of 
the places of the stars. The celestial machine and our 
terrestrial machines correspond to each other in their 
movements; and the star steals silently and steadily 
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acTOs onr meridian line, jnst as the pointer of t 
clock steals past the mark of the hour. We may judgQ 
of the acale of this motion by coDsidering that the fiill 
moon employs abnnt two minutes of time in sailing 
across any fixed line seen against the sky, transverse 
to her path : and all the celestial bodies, carried along 
by the revolving sphere, travel at the same rate. 

15. In this case, np to a certain degree, we render 
our measures of astronomical angles more exact and 
convenient by substituting time for space; but when, 
in the very same kind of observation, we wish to pro- 
ceed to a greater degree of accuracy, we find that it 
is best done by substituting apace for time. In observ- 
ing the trauBit of a star across the meridian, if we . 
have the clock within hearing, we can count the beats \ 
of the }iendulum. by the noise which they make, and ' 
tell exactly at which second of time the passage of the 
star across the visible thi'ead takes place; and thus we 
measure Right Ascension by means of time. But our 
perception of time does not allow us to divide a second 
into ten parts, and to pronounce whether the transit 
takes place three-tenth^ six-tenths, or seven-tenths of 
a second afler the preening beat of the clock. This, 
however, can be done by the nsual mode of observing 
the transit of a star. The observer, listening to the 
beat of Ikis clock, fastens his attention upon the star at 
each beat, and especially at the one immediately before 
and the one immediately after the pitssage of the 
thread : and by this means he has these two positions 
and the position of the thread so far present to his 
intuition at once, that he can judge in what proportion 
the thread is nearer to one position than the other, and 
can thus divide the intervening second in its due pro- 
portion. Thus if he observe that at the beginning of 
the second the star is on one side of the thread, and at 
the end of the second on the other side ; and that the 
two distances fi*om the thread are as two to three, he 
knows that the transit took place at two-fifths (or fbiir- 
teuths) of a second after the former beat. In this 
way a second of time in astronomical observations 
may, by a skilful observer, be divided into ten equal 
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parts; although when time is observed as time, a tenth 
of a second appears almost to escajje our seuaes. From 
the above explanation, it ■will be seen that the reason 
why the snhdiviaion is possible in the way thus de- 
scribed, is this : — that the moineiit of time thus to be 
divided is so smiill, that the eye and the mind can 
retain, to the end of this moment, the impression of 
position which it received at the beginning. Though 
the two positions of the star, nad the intermediate 
thread, are seen auceessively, they can be contemplated 
by the mind as if they were seen simultaneously: and 
thus it is precisely the smallneas of this portion of 
time which enables us to subdivide it by means of 
space. 

16. Tliero is another case, of somewhat a different 
kind, in which time is employed in measuring space; 
namely, when apace, or the standard of space, is de- 
lined by the length of a pendulum oscillating in a given 
time. We might in this way define any space by the 
time which a pendulum of snch a length would take 
in oscillating; and thus we might speak, as was ob- 
served hj those who au^ested this device, of five 
minutes of cloth, or a rope half aa hour long. We 
may observe, however, that in this case, the space ia 
not proportional to the tun& And we may add, that 
though we thus appear to avoid the arbitrary stand- 
ard of space (for as we Lave seen, the standard of 
measures of time ia a natural one,) we do not do ao in 
fact: for we assume the invai'iableneaa of gravity, 
which really varies (though very slightly,) from place 
to place. 

17. fy.) T}te Metliod of Eepetition in Meaaure- 
Tueiii, — In many cases we can give great additional 
accuracy to our measurements by repeatedly adding 
to itself the quantity which we wish to meaaure. Thus 
if we wished to ascertain the exact breadth of a thread, 
it might not be easy to determine whether it was one- 
ninetieth, or one-ninety-fifth, or one-hundredth part of 
an inch; but if we find that ninety-sis: such threads 
placed side by side occupy exactly an inch, we have 
the precise measui-e of the breadth of the thi'ead. In 
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the same manner, if two docks are going nearly at the 
same rate, we may not be able to distinguish the ex- 
cess of an oacillation of one of the pendulums over aa 
oscillation of the other ; but when the two clocks have 
goue for an hour, one of them may have gained ten 
seconds upon the other; thus showing that the propor- 
tion of their times of oscillation is 3610 to 3600. 

In the latter of these instances, we have the princi- 
ple of repetition truly exemplified, because (as has been 
justly observed by Sir J. Herschel',) there is then 'a 
juxtaposition of units without eirour,' — ' one vibration 
commences exactly where the last terminates, no part 
of time being lost or gained in the addition of the 
units so counted.' In space, this juxtaposition of units 
without errour cannot be rigorously accomplished, 
since the units must be added together by material 
contact (as in the above case of the threads,) or in 
some equivalent manner. Yet the principle of repeti- 
tion has been applied to angular measurement with 
considerable success in Borda's Repeating Circle. In 
this instrument, the angle between two objects which 
we have to observe, is repeated along the graduated 
limb of the circle by turning the telescope from one 
object to the other, alternately festened to the circle 
(by its c^anjp) and loose from it (by unclamping). In 
this manner the eirours of graduation may (theoreti- 
cally) be entirely got rid of: for if an angle repeated 
nine times be found to go twice round the circle, it 
must be exactly eighty degrees : and where the repeti- 
tion does not give an exact num.ber of circumferences, 
it may still be made to subdivide the errour to any 
required extent, 

1 8. Connected with the principle of repetition, is 
the Method of coinddenees or inier/erencea. If we have 
two Scales, on one of which an inch is divided into 10, 
and on the other into 11 equal parts; and if, these 
Scales being placed side by side, it appear that the 
beginning of the latter Scale is between the 2nd and 
3rd division of the former, it may not be apparent 

' DiK. NaU PhU. at 



METHODS OF OBSERVATION. t'^f 

■what fraction added to 2 determines the place of begia- 
ning of the second Scale aa measured on the first. But 
if it appear also that the 3rd division of the second 
Scale coincides with a certain division of the first, (the 
fith,) it is certain that 2 and three-tenfha is the exacl 
place of the beginning of the second Scale, meaaured 
on the firat Scale. The 3rd division of the 1 1 Scale 
will coincide (or interfere with) a division of the 10 
Scale, when the beginning or sero of the 1 1 divisions 
js three-tenths of a division beyond the preceding line 
of the 10 Scale; as will be plain on a little considera- 
tion. And if we have two Scales of eqnal units, in 
which each unit is divided into nearly, but not quite, 
the same number of equal parts (as 10 and 11, 19 and 
20, 29 and 30,) and one sliding on the other, it will 
always happen that some one or other of the division 
lines will coincide, or very nearly coincide ; and thns 
the exact position of the beginning of one iinit, mea- 
sured on the other scale, is determined. A sliding 
scale, thus divided for the purpose of subdividing the 
units of that on which it slides, is called a Vernier, 
from the name of its inventor, 

19. The same Principle of Coincidence or Interfer- 
ence is applied to the exact measurement of the length 
of time occupied in the oscillation of a pendulnm. If 
a detached pendulum, of such a length as to awing in 
little less than a second, be placed before the seconds' 
pendulum of a clock, and if the two pendulums begin 
to move together, the former will gain upon the latter, 
and in a little white their motions will be quite dis- 
cordant. But if we go on watching, we shall find 
them, after a time, to agree again exactly; namely, 
when the detached pendulum has gained one complete 
oscillation (back and forwards,) upon the clock pendu- 
lum, and again coincides with it in its motion. If this 
hapjien after 5 minutes, we know that the times of 
oscillation of the two pendulums are in the proportion 
of 300 to 302, and therefore the detached pendulum 
oscillates in }SJ of a second. The accuracy which can 
be obtained in the measure of an oscillation by this 
means is great; for the clock can bo compared (by 
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obeerving transits of the stara or oUierwiae) wiih 
tite natand staniiAnl of time, the adereal day. And 
the moment of coincidence of the two p^idolnms 
may, by proper arrangemeats, be very exactly deter- 
mined. 

We have bitberto spoken of metbods of measoring 
time and space, but other elements also may be Tery 
precisely measured by Tarious mean& 

JO. (VL) JftasttremetU of Wayht. — ^Weight, like 
space and time, is a quantity made np by addition of 
parts, and may be measured by ajni'lar methods. The 
principle of repetition is applicable to the meesnrement 
of weight; for if two bodies be simultaneoiiBly put "- 
the game pan of a balance, and if they balance pieces 
the other pan, their veighta are exactly added. 

There may be difficulties of practical workmanship 
in carrying into ctiTect the mathematical conditions of 
a perfect balance ; for example, in securing an exact 
equality of the effective arms of the beam in all poa- 
tiona. These difficultiea are evaded by the Melhod of 
double weighing; according to which the Btondard 
weights, and the body which is to be weighed, are sue- 
ceecdvely put in the aame pan, and made to balance by 
a third body in the opposite scale. By this means the 
different lengths of the arms of the beam, and other 
imperfections of the balance, become of no conse- 
quence'. 

31, There is no natural Standard of weight. The 
conventional weight taken as the standard, is the 
weight of a given bulk of some known substancej for 
insl^ce, a euMc/oot of water. But in order that this 
may be definite, the water must not contain any por- 
tion of heterogeneous substance: hence it ia required 
that the water be distiUed water. 

22. (VII.) Meamtrement of Secondary Qualiiies. — 
We have already seen* that secondary qualities are 
estimated by means of conventional Scales, which refer 
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them to Bpace, number, or some other definits ex- 
presaioo. Thus the Thermometer measures heat; the 
Musical Scale, with or without the aid of number, ex- 
presses the pitch of a note; and we may have an exact 
and complete Scale of Coloura, pure and impure. We 
may remark, however, that with regard to sound and 
colour, the estimates of the ear and the eye are not 
superseded, but only assisted : for if wo determine 
what a note is, by comparing it with an instrument 
known to be in tune, we still leave the ear to decide 
when the note is in u/iiswi with one of the notes of the 
inatniment. And when we compare a colour with our 
chromatometer, we judge by the oye which division 
of the chromatometer it nuitches. Colour and sound 
have their Natural Scalea, which the eye and ear 
habitually apply; *hat science requires ia, that those 
scales should be systematized. Wo have seen that 
several conditions are reqtusite in such scales of qua- 
iities : the observer's skill and ingenuity are mainly 
shown in devising such scales and methods of applying 
them, 

23. The Method of Coincidences ia employed in 
harmonica : for if two notes are nearly, but not quite, 
in unison, the coiniridenoea of the vibrations produce 
an audible undulation in the note, which is called the 
howl; and the exactness of the unison is known by 
this howl vanishing. 

24. (VIII.) Manipulation. — The process of ap- 
plying practically methods of experiment and observa- 
tion, is termed Manipulation; and the value of obser- 
vations depends much upon the proficiency of the 
observer in this art. This skill appears, as we have 
said, not only in devising means and modes in meaaur- 
ing results, but also in inventing and executing ar- 
rangements by which elements are subjected to such 
conditions as the investigation requires : in finding and 
using some material combination by which nature shall 
be asked the question which, we have in our minds. 
To do this in any subject may be considered as a pecu- 
liar Art, but specially in Chemistry; where 'many 
experiments, and even whole trains of research, are 
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easentjally dependent fi>r succe^ on i 
lation ".' The changes which the chemist has to study, 
— compositions, decompositions, and mutoal actions, 
affecting the internal stmctore mther than the ex- 
ternal fonn and motion of bodies, — are not fiuniliarly 
recognized by common observers, as those actions are 
which operate upon the total mass of a body: and 
hence it is only when the chemist has berom^ to a 
certain degree, familiar with his acience, that he has 
the power of observing. He must leum to interpret 
the effects of misture, heat, and other Chemical agen- 
cies, HO as to see in them those &ct3 which chemistiy 
makes the basis of her doctriaes. And in learning to 
interpret this language, he must also leam to call it 
forth; — to place bodies under the requisite conditions, 
by the apparatna of hia own laboratory and the opera- 
tions of his own fingera To do this with readineas 
and precision, is, as we have said, au Art, both of the 
mind and of the hand, in no small degree recondite 
and difficult. A person may be well acquainted with 
all the doctrines of chemistry, and may yet &il in the 
simplest experim.ent. How many precautions and ob- 
servances, what resource and invention, what delicacy 
and vigilance, are requisite in Chemical Manipalatioti, 
may be seen by reference to Dr. Faraday's work on 
that subject. 

25. The same qualities in the observer are requi- 
site in some other departmenta of science ; for example, 
in the researches of Optics : for in these, after the first 
broad facts have been noticed, the remaining features 
of the phenomena are both very complex and Teiy 
minute; and require both ingenuity in the invention 
of experiments, and a keen scrutiny of their results. 
We have instances of the application of these qualities 
in most of the optical experimenters of recent times, 
and certainly in no one more than Sir David Brewster. 
Omitting here all notice of his succeeding labours, his 
Trealiee on New I'hilogophical JnsCrumeiitg, published 
in 1813, is an excellent model of the kind of resource 
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n example of this skill, his mode of determining tlie 
refractive power of an irregular fragment of any trans- 
parent substance. At £rab this might appear a 



a that a. regular and 
I order that we may 
But 8ir David Brew- 
g the fragment 
ted, tliat they had the 



possible problem; for it would bi 
smooth surface are requisite, i 
have any measurable refraction, 
ster overcame the difficulty by im 
in a combination of Quids, so mis 
same refractive power as the specimen. The question, 
when they had this power, was answered by noticing 
when the fragment became so transparent that its sur- 
face could hardly be seen; for this happened when, the 
refractive power within and witliout the fragment being 
the same, there was no refraction at the surface. And this 
condition beiDgobtained,therefractive power of the fluid, 
and therefore of the fragment, was easily ascertained. 

26. (IX.) Tlie Education of the Senses.— GcAow! 
and Musical Tone are, as we have seen, determined by 
means of the Senses, whether or not Systematical Scales 
are used in expressing the observed fact. Systematical 
Scales of sensible qualities, however, not only give pre- 
cision to the record, but to the observation. But for 
this purpose such an Education of the Senses is requi- 
site as may enable us to apply the scale immediately. 
The memoiy must retain the sensation or perception 
to which the technical term or degree of the scale 
refers. Thus with regard to colour, as we have said 
already", when we find such terms as tiTt-iohite or 
jmidiheck-bTovin, the metallic colour so denoted ought 
to occur at once to otir recollection without delay or 
search. The observer's senses, therefore, must be edu- 
cated, at first by an actual exhibition of the standard, 
and afterwards by a familiar use of it, to understand 
readily and cdearly each phrase and degree of the scales 
which in hia oleervationa he has to apply. This is not 
only the beat, but in many cases the only way in which 
the observation can bo expressed. Thus glatgy lustre, 
faUy luntre, adamantine lustre, denote certain kinds of 

" B. tUL c. ilL TermlnDlogr. 
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shinuig in. mmerala, wtich appearaDces we ehoulA 
endeavour in vain to deaciibe by periphraaia; and 
which the terms, if considered as terms in. common 
language, would by no meaDS clearly discriminate ; for 
who, in common language, would say that coal has a 
fetty luatrel But these terms, iu their convention^, 
sense, are perfectly definite; and when the eye is ones 
^miUarized with this application of them, are easilyL 
and clearly intelligible. 

27. The education of the senses, which is thus 
requisite in order to understand well the teiminology 
of any science, must be acquired by an inspection of 
the objects which the science deals witli ; and is, per- 
Laps, beat promoted by the practical study of Natural 
Hofitory. In the different departments of Katural 
History, the descriptions of species are given by means 
of an eittenaive technical termirtology : and that educBr 
tion of which we now speak, ought to produce the effect 
of making the observer as familiar with each of the tei-ms 
of this terminology as we are with the words of our 
common language. The technical terms have a much 
more precise meaning than other terms, since they are 
defined by express convention, and not leamt by com- 
mon usage merely. Yet though they are thus defined, 
not the definition, but the perception itsell^ is that 
which the term suggests to the proficient 

In order to use the terminology to any good pur- 
pose, the student must possess it, not as a dictionary, 
but as a language. The terminology of his sciences 
mtuit be the natural historian's most familiar tongue. 
He must learn to think in such language. And when 
this is achieved, the terminology, as I have elsewhere 
Baid, though to an uneducated eye cumbrous and 
pedautical, is felt to be a useful implement, not an op- 
pressive burden". The impatient schoolboy looks upon 
his grammar and vocabulary as irksome and burden- 
some; but the accomplished student who has leamt 
the language by means of them, knows that they have 
given hiin the means of expressing what he thinks, and 
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>f thinkmg more precisely. And as tie study of 
e thus gives precision to the thQughta, the study 
of Natural History, and especially of the descriptive 
part of it, gives precision to the senses. 

The Education of the Senses is also greatly pro- 
moted by the practical pursuit of any science of ex- 
periment and observation, as chemistry or aatronomy. 
The methods of manipulating, of which we Lavo just 
spoken, in chemistry, and the methods of measuring 
extremely minute portions of space and time which are 
employed in astronomy, and which are described in 
the former part of this chapter, are among the best 
modes of educating the senses for purposes of scientific 
observation. 

aS. By the various Methods of precise observation 
which we have thus very briefly described, facta are 
collected, of an exact and definite kind; they are then 
bound together in general laws, by the aid of general 
ideas and of such methods as wo have now to consider. 
It is tme, that the ideas which enable us to combine 
iacta into general propositions, do commonly operate in 
our minds while we are still engaged in the office of 
observing. Ideas of one kind or other are requisite to 
connect our phenomena into facta, and to give mean- 
ing to the terms of our descriptions ; and it frequently 
happens, that long before we have collected all the 
facia which induction requires, the mind catches the 
suggestion which some of these ideas offer, and leaps 
forwards to a conjectural law while the labour of obser- 
vation is yet unfinished. But though this actually 
occura, it is easy to see that the process of combining 
and generalizing facts is, in the order of nature, pos- 
terior to, and distinct from, the process of observing 
facts. Not only is this so, but there is an intermediate 
step which, though inseparable from all succeasfiil 
generalization, may bo distinguished from it in our 
survey; and may, in some degree, be assisted by pecu- 
liar methods. To the consideration of such methods 
we now proceed 
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Or Methods op acquirino cleak Scienhpio loYAsyi 
a/ltd Jiirst OP Intkli.ectual Education. 



Aphobism XXIX, 
The Methods hy vMch the acquisition of eltar Seianlijio 
Ideas 13 promoted, are mainlt/ tiuo; Intellectual Education 
and Discussion of Ideas. 

Aphorism XXX. 
The Idea of Space ieeomea more clear by studying Geo- J 
inetc7; the Idea of Force, by ctudying Mechanics; the Ideal 
o/Likenees.of Kind, of Subordination of Classes, bystadying 
Natural His tor j. 

Aphorism XXXI. 
Elementary Mechanics shovld now form a part of intel- 
lectual education, in order that the student may understand 
the Theory of Universal Cfravitation : for an intellectual 
edveation should cultivate such ideas as enable the student to 
understand the most complete and admirable portions of the 
knowledge which the human race has attained to. 

Aphobism XXXII. 
Natural Ilistorj ought to form a part of intellectual edu- 
cation, in order to correct certain pr^udices which arise from 
cvltivating the intellect ly means of mathematics alone; and 
in order to lead the student to see that the division of things 
into Kinds, and the attribution and use of Names, are prO' 
cesses tusceplible of great precision. 
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THE ways in which men. hecome masters of those 
clear and yet comprehensive conceptions which 
the formation and reception of science require, are 
mainly two; which, although we cannot reduce them 
to any exact scheme, we may still, in a loose use of 
the term, call Methods of acquiring clear Ideas. These 
two ways are Education and Discussion. 

I. (I.) Idea of Space. — It is easily seen that Edu- 
cation may do at least aometbing to render our ideaH 
distinct and precise. To learn Geometry in youth, 
tends, manifestly, to render our idea of space clear and 
exact. By such an education, all the relations, and all 
the consequences of this idea, come to be readily and 
steadily apprehended; and thus it becomes easy for tta 
to understand portions of science which otherwise we 
should by no means be able to comprehend. The con- 
ception of similw triangles was to be mastered, before 
the disciples of Thales could see the validity of his 
method of determining the height of lofty ohjects by 
the length of their shadows. The conception of the 
sphere with its drdes had to become £uniliar, before 
the annual motion of the sun and its influence upon 
the lengths of days could be rightly traced. The pro- 
perties of circles, combined with the pure' doctrine of 
Tiwtum, were required as an introduction to the theory 
of Epicycles: the properties of conic mdions were 
needed, as a preparation for the disooveriea of Kepler. 
And not only was it necessary that men should possess 
a knomledge of certain figures and their properties ; bat 
it was equally necessary that they should have the 
habit of reasoning with perfect steadiness, precision, 
and conclusiveness concerning the relations of space, 
Ko sm^ discipline of the mind is requisite, in most 
cases, to accustom it to go, with complete insight and 
security, through the demonstrations respecting inter- 
secting planes and lines, dihedral and trihedral angles, 
which occur in solid geometry. Yet how absolutely 
necessaiy is a perfect mastery of such reasonings, to 
him who is to explain the motions of the moon in 
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latitude and longitude t How neeessaiy, a^;ain, ia tba ' 
nine faculty to the stndeat of crrstaUographf! With- 
out mathematical habits of conception and of thinking, 
these portions of science are perfectly inacccssiblfe But 
the early study of plane aud solid geometry gives to 
alt tolerably gifted persons, the habits which are tkua 
needed. The diHcipIiue of following the reasonings of 
didactic works on this inibject, till we are quite ^miliar 
with them, and of devising for ourselves reasonings of 
the same kind, (as, for instance, the solutions of pro- 
blems proposed,) soon gives the mind the power of dia- 
eonrting with perfect facility concerning the most 
complex and miiltiplied relations of space, and enables 
us to refer to the properties of all plane and solid 
figures as surely as to the visible forms of objects 
Thus we have here a signal instance of the efficacy of 
education in giving to our Conceptions that clearness, 
which the formation and existence of science iudispen- 
oably require, 

2. It is not my intention here to enter into the 
details of the form which should be given to education, 
in order that it may answer the purposes now contem- 
plated. But I may make a remart, which the above 
examples naturally suggest, that in a mathematical 
education, considered as a preparation for furthering 
or tmderatauding physical science, Geometry is to he 
ctJtivBted, far rather than Algebra ; — the properties of 
apace are to be studied and reasoned upon as they are 
in themselves, not as they are replaced and disguised 
by symbolical representations. It is true, that when 
the student ia become quite &miliar with elementary 
geometry, he may often enable himself to deal in a 
more rapid and comprehensive manner with the rela- 
tions of space, by using the language of symbols and 
the principles of symbolical calculation; bat this is an 
ulterior step, which may be added to, but can never be 
substituted for, the dii-ect cultivation of geometry. 
The method of symbolical reasoning employed upon 
subjeots of geometry and mechanics, has ccrtaudy 
achieved some remarkable triumphs in the treatment 
of the theory of the universe. These successful appli- 
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cations of symbols in the highest problema of physical 
aatronomy appear to have made some teachers of mathe- 
matics imagine that it is best to begin the pupil's cotirse 
■with such symbolical generalities. But tlus mode of 
proceeding will be so far from giving the student clear 
ideas of mathematicftl relations, that it will involve 
him in utter confusion, and probably prevent bis ever 
obtaining a. firm footing in geometry. To commence 
mathematics in such a, way, would be much as if we 
should begin the study of a, language by reading the 
highest strains of its lyrical poetiy. 

3. (II.) Idea of NwiabeTj^cc. — l^e study of mathe- 
matics, as I need hardly oleerve, developes and renders 
exact, our conceptions of the relations of niimher, as 
well as of space. And although, as we have alrrady 
noticed, even in their original form the conceptions of 
number are for the moat part very distinct, they may 
be still further improved by such discipline. In com- 
plex cases, a methodical cultivation of the mind in such 
subjects is needed : for instance, questions concerning 
Cycles, and Intercalations, and Epacts, and the like, 
reqaire very great steadiness of arithmetical apprehen- 
sion in order that the reasoner may deal with them 
rightly. In the same manner, a mastery of problema 
belonging to the science of Pure Motion, or, as I have 
termed it, Mechanigm, requires either great natural 
aptitude in the student, or a mind properly diaoi- 
plined by suitable branches of mathematical study. 

4. Arithmetic and Geometry have long been standard 
portions of the education of cultured persons through- 
out the civilized worid ; and hence aU such persons have 
been able to accept and comprehend those portions of 
science which depend upon the idea of space: for in- 
stance, the doctrine of the globular form of the earth, 
with its consequences, such as the measures of latitude 
and longitude; — the heliocentric system of the universe 
in modem, or the geocoutric in ancient times;— the 
explanation of the rainbow ; and the like. In nations 
where there is no such education, these portions of 
science cannot exist as a part of the general stock of 
the knowledge of society, however intelligently they 
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iwu W i>urHuad bv single philosophers dispersed 1 
wij tliiiio ill the ixmuniiity. 

f,. (III.) /(fca o/ iWcB,— As the idea o 
bi'Liu^lit out la its fiill evideai^e hy the study of Geo- 
lautiy, ^ the idea of Force is called up and deTeloped 
Iv thd Htuiiy of the science of Mec)iajuc& It has 
tui-eiuty bti«u shown, ia oar scrutiuf of the Ideas of Uw _ 
Mivhauictd Sciences, that Voice, tjie Oau% of motioa I 
<U' uf ei^uiUbrium, inTolves an independent Fundamental f 
IdtM, ivud is quite incapable of being resolved into a 
uujru luuditication of our coQceptiona of space, timf^fl 
uiid uiotion. And in order that the student m&j po»< ■ 
iiosa ttiis idea in a precise and manifeat ehape, he must 1 
pui-aue the science of Mechanics in the mode which 
this view of its nature demands ; — that is, he must 
dtudy it as an independent science, resting on solid 
ulementary principles of ite own, and not built upon 
aoiae other unmechanical science as its substructure. 
He must trace the truths of Mechanics &om their own 
osioius and definitions; these ajdoms and definitiona 
being considered aa merelj means of brining into 
play the Idea on which the science depends. The coa- 
oeptiouB of force and matter, of action and reaction, of 
momentum and inertia, with the reasonings in which 
they are involved, cannot be evaded by any substitu- 
tion of lines or symbols for the conceptions. Any at- 
tempts at such substitution wo\dd render the study of 
Mechanics useless aa a pre]>aration of the mind fer 
physical science; and would, indeed, except counter- 
acted by great natural clearness of thought on Buch 
subjects, fill the mind with confused and vague notions, 
quite luavailing for any purposes of sound reasoning. 
But, on the other hand, the study of Mechanics, in its 
genuine form, as a branch of education, is fitted to give 
a most useful and valuable precision of thought on 
snoh subjects; and is the more to be recommended, 
•luce, in the general habits of most men's minds, the 
meoUanical conceptions are tainted with far greater ob- 
aourity and perpleKity than belongs to the conceptions 
of number, apace, and motion. 

6. As habitually distinct conceptions of ipaee s 
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motion were requisite for the reception of the doctrines 
of formal aatrouomy, {the Ptolemaic and Co]iermcan 
system,) so a clear and steady conception oi force ia in- 
dispensably necesaary for underatanding the Newtonian 
system of physical astronomy. It may be otijeoted 
that tLe study of Mechanics as a science has not 
commonly formed part of a liberal education ia Europe, 
and yet tliat educated persona have commonly accepted 
the Newtonian system. But to this we reply, that al- 
though most persons of good inteliectual culture hare 
professed to assent to the Newtonian system of the uni- 
verse, yet they have, in fact, entertained it in so vague 
and perplexed a manner as to show very clearly that a 
better mental preparation than the usual one is neces- 
sary, in order that such persona may really understand 
the docti'ine of universal attraction. I have elsewhere 
spoken of the prevalent indistinctness of mechanical 
conceptions^; and need not here dwell upon the indi- 
cations, constantly occurring in conversation and in 
literatnre, of the utter ioaccuracy of thought on such 
subjects which may often be detected; for instance, in 
the mode ia which many men speak of centrifiigal and 
centripetal forces; — of projectile ajid central forces; — 
of the eifect of the moon upon the waters of the ocean ; 
and the like. The incoherence of ideas which wo 
frequently witness on such points, shows us clearly 
that, in the minds of a great number of men, well 
educated according to the present standard, the accept- 
ance of the doctrine of Universal Gravitation is a result 
of traditional prejudice, not of rational conviction. 
And those who are Newtonians on such grounds, are 
not at all more intellectually advanced by being New- 
tonians in the nineteenth century, than they would 
have been by being Ptolemaics in the fifteenth. 

7. It ia undoubtedly in the highest degree desirable 
that aJl great advances ia science should become the 
common property of all cultivated men. And this can 
only be done by introducing into the coui-ae of a liberal 
education such studies as unfold and fix in men's minds 
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tte fundamental ideas upon which the new-diacovei 
truths rest. The progress mnde by the ancients i 
geography, astronomy, and other sciences, li 
assign, wisely and well, a. place to arithmetic and g 
metry among the ste|H of an ingenuona education. ' 
discoveries of modern times have rendered these si 
still more indispensable; for we cannot consider a man 
as cultivated up to the standard of his times, if he is 
not only ignorant o^ bnt incapable of comprehending, 
the greatest achievements of the hnmaa intellect. And 
as inunmerable discoveries of all ages have thus secared 
to Geometry her place as a part of good education, so 
the great discoveries of Newton mako it proper to in- 
troduce Elementary Mechanics as a part of the same 
course. If the education deserve to be called good, 
the pupU will not remain ignorant of those discoveries, 
the most remarkable extensions of the field of hui 
knowledge which have ever occurred. Yet he c 
by possibility comprehend them, except his mi 
previously disciplined by mechanical studies. T 
riod appears now to he arrived when we may xe 
or rather when we are bound to endeavour, to h 
a new class of Fundamental Ideas in the elemt 
discipline of the human intellect. This is iudispe 
ble, if we wish to educe the powers which we 1 
that it possesses, and to enrich it with the wealth w 
lies within its reach". 

8, By the view which is thus presented to ua o 
nature and objects of intellectual education, we a 
to consider the mind of man as undei^oing B pr( 
from age to age. By the discoveries which are ; 
and by the clearness and evidence which, after a 
(not suddenly nor soon,) the truths thus discover 
quire, one portion of knowledge after another h 
elementary; and if we would really secure this j 
gross, and make men share in it, these new portiot 
must be treated as elementary in the constitution o~ 
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liberal education. Even in the rudest forms of iutelli- 
gence, man is immeasurably elevated above tbe unpro- 
groBsive brute, for tlie idea of number is Bo fer deve- 
loped that he can count his flock or his arrows. But 
■when ntunber is contemplated in a speculative form, he 
haa made a vast additional progress ; 'when he steadily 
apprehends the relations of space, he has again ad- 
vanced ; when in tbought he carries these relations into 
the vault of the sky, into the expanse of the universe, 
he reaches a higher intellectual position. And when 
he carries into these wide regions, not only the rela-. 
tions of Bpace and time, but of cause and effect, of 
force and reaction, he has again made an intellectujd 
advance; which, wide as it is at fii-st, is accessible to 
all ; and with which all should acquaint themselves, if 
they really desire to prosecute with energy the ascend- 
ing path of truth and knowledge which Hes before 
them. This should be an object of exertion to all in- 
genuous and hopeful minda For, that exertion is 
necoaaaiy, — ^that after all possible facilities have been 
afforded, it is stilt a matter of toil and struggle to 
appropriate to ourselves the acquisitions of great dis- 
coverers, is not to be denied. Elementary mechanics, 
like elementary geometry, is a study accessible to aU : 
but like that too, or perhaps more than that, it is a 
study which requires ^ort and contention of mind,— a 
forced steadiness of thoiight It is long since one com- 
plained of this labour in geometry; and was answered 
that in that region there is no Rmjal Moad. The same 
is true of Mechanics, and must he true of all branches 
of solid education. But we should express the truth 
more appropriately in our days by Baying that there is 
no Popular Moad to these sciences. In the mind, aa 
in the body, strenuous exercise alone can give strength 
and activity. The art of exact thought can be acqiured 
only by the labour of close thinking. 

9. (IV-) Chemical Ideas. — ^We appear then to have 
arrived at a point of human progress in which a liberal 
education of the scientific intellect should inchide, be- 
sides arithmetic, elementary geometry and mechanics. 
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The question then occurs to na, whether tliere are 
other Fundamental Ideas, among those belonging to 
other sciences, which ought also to be miide part of 
such on education; — ■whether, for example, we should 
strive to develope in the minds of aU cultured men 
the ideas oi polarity, mechanical and chemical, of whidi 
ve spoke in a former part of this work. 

The views to which we have been conducted by th© j 
previous inquiry lead ua to reply that it would not be 1 
weU at present to make chemical Polarities, at any 
rate, a subject of elementary inatmotion. For even, 
the most profound and acute philosophers who have 
speculated upon this subject, — they who are leading 
the van in the march of diacovery, — do not seem yet 
to have reduced their thoughts on thie subject to a 
consistency, ov to have taken hold of this idea of Po- 
larity in a manner quite satisfactory to their own 
minds. This part of the subject is, therefore, by no 
means ready to he introduced into a course of general 
elementary education ; for, with a view to such a pur- 
pose, nothing less than the most thoroughly luminous 
and transparent condition of the idea will suffice. Ita 
whole efficacy, as a means and object of disciplinal 
study, depends upon there being no obscurity, per- 
plexity, or indefinitenesa with regard to it, beyond that 
transient deficiency which at first exista in the learn- 
er's mind, and is to be removed by hb studies. The 
idea of chemical Polarity is not yet in this condition; 
and therefore is not yet fit for a place in education. 
Tet since this idea of Polarity is the most general idea. ' 
which enters into chemistry, and appears to be that ' 
which includes almost all the others, it would be un- 
philosophical, and inconsistent with all sound views of 
science, to introduce into education some chemical 
conceptions, and to omit those which depend upon this 
idea : indeed such a partial adoption of the science 
could hai-diy take place without not only omitting, but 
misrepresenting, a great part of our chemical know- 
ledge. The coBclnsion to which we are necessarily 
led, therefore, is this : — that at present chemistry can- 
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not with any advantage, form a portion of the general 
intellectual education*. 

lo. (Y.) Naturai-Hietory Idetm. — But there i-e- 
maioa still another class of Ideas, 'with regard to 
which we may very properly ask whether they may 
not advantageously form a portion of a liberal educa- 
tion ; I mean the Ideas of definite Eesemblance and 
Difference, and of one set of reBemblances subordinate 
to another, which form the bases of the classificatory 
aoienoea. These Ideas are developed by the study of 
the various branches of Natural History, as Botany, 
and Zoology; and beyond all doubt, those pursuits, if 
assiduously followed, very materially affect the mental 
habits. There is this obvious advantage to be looked 
for fixim the study of Natural History, considered as 
a means of intellectnal discipline i^that it gives us, in 
a precise and scientific form, examples of the classing 
and naming of objects; which, operations the use of 
common language leads us constantly to perform in a 
loose and inexact way. In the usual habits of oiir 
minds and tongues, things are distinguished or brought 
together, and names are applied, in a manner very in- 
dednite, vacillating, and seemingly capricious : and we 
may naturally be led to doubt whether such defects 
can be avoided; — -whether exact distinctions of things, 
and rigorous use of words be possible. Now upon this 
point we may receive the instruction of Natuial His- 
tory ; which proves to us, by the actual performance of 
the task, that a precise classification and nomenclature 
are attainable, at least for a mass of objects all of the 
same kind. Further, we also learn fiim this study, 
that there may exist, not only an exact distinction of 
kinds of things, bat a scries of distinctions, one set 
subordinate to another, and the more general including 
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special, so aa to forni a system of cluBflifica- 
tion. AH these are valuable lessons. If by the study 
of Natural History we evolvej in a clear and well de- 
fined form, the conceptions of genua, species, and of 
higher and lower steps of ciaaaifi cation, we communi- 
cate precision, clearness, and method to the intellect, 
through a great range of its operations. 

1 1. It must be observed, that in order to attain the 
disciplinal benefit which the study of Natural History 
is fitted to bestow, we must teach the natural not the ( 
artificial classifications; or at leaat the natural as well ' 
as the artificial For it is important for the student to 
perceive that there are classtficationa, not merely arbi- 
trary, founded upon some assumed character, but na- 
tural, recognized by some discovered Qh&c&cteT : he ought 
to see that our classes being collected according to one ^ 
mark, are confirmed by many marks not originally stated 
in our scheme ; and are thus found to be grouped 
together, not by a single resemblance, but by a mass of 
resemblances, indicating a natural aflinity. That ob- 
jects may be collected into such groups, is a highly im- 
portant lesson, which Natural History alone, pursued j 
as the science of natural classes, can teach. 

12. Natural History has not unfrequently been ' 
made a portion of education : and has in some dej^ 
produced such eSeots as we have pointed out. It 
would appear, however, that its lessons have, for the 
most part, been very imperfectly learnt or understood 
by persons of ordinary education : and that there are 
perverse intellectual habits very commonly prevalent 
in the cultivated classes, which ought ere now to have 
been corrected by the general teaching of Natural 
History. We may detect among speculative men 
many prejudices respecting the nature and ndes of 
reasoning, which arise from pure mathematics having 
been so long and so universally the instrument of in- 
tellectual cultivation. Pure Mathematics reasons fixjm 
definitions ; irhatever term is introduced into her 
pages, as a cvrck, or a square, its definition comes along 
with it : and this definition is supposed to snpjily all 
that the reasoner needs to know, respecting the term, I 
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If there be any doubt concerning Uie validity of the 
conclusion, the doubt is resolTed by recmring to the 
definitions. Hence it has come to pass that in other 
subjects also, men eeek for and demand definitions as 
the most eeoure foundation of reasoning. The defini- 
tion and the term defined are conceived to be so far 
identical, that in all cases the one may be substituted 
for the other; and such a substitution ia held to be 
the best mode of detecting fellacies. 

13. It baa already been shown that even geometry 
is not founded upon definitions alone ; and we shall 
not here again analyse the fallacy of this belief in the 
supreme value of definitions. But wo may remai'k 
that the study of Natural History appears to be the 
proper remedy for this erroneous habit of thought. For 
in every department of Natural History the object of 
our study is Mnds of things, not one of which kinds 
can be rigorously defined, yet all of them are suffi- 
ciently definite. In these cases we may indeed give a 
specific description of one of the kinds, and may call it 
a definition; but it ia clear that such a definition does 
not contain the essence of the thing. We say'that the 
Eose Tribe are ' Polypetalous dicotyledons, with lateral 
Btyles, superior simple ovaria, regular jwrigynons star 
mens, exalbuminoua definite seeds, and alternate stipu- 
late leaves.' But no one would say that this was our 
essential conception of a rose, to be substituted for it 
in all cases of doubt 01' obscurity, by way of making 
our reaaoniugs perfectly clear. Not only so ; but as 
we have alr^dy seen", the definition does not even 
apply to all the tribe. For the stipulse are absent in 
Lowea : the albumen ia present in Neillia: the fruit of 
Spirssa sorbifolia is capsular. I^ then, we can possess 
any certain knowledge in Natural Hiatory, (which no 
cultivator of the subject will doubt,) it is evident that 
our knowledge cannot depend on the possibility of lay- 
ing down exact definitions and reasoning from them. 

14. But it may be asked, if we cannot define a 
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word, or a class of tilings which a word tienotea, how- 
can we distinguish what it does loeaTi from what it 
doM not mean ? How can -we say that it signifies o' 
thing rather than another, except we declare what is 
its signification t 

The answer to this question involves the general 
principle of a natural method of classification, which 
has already been stated' and need not here be again 
dwelt on. It has beea shown that names of kinds of 
things (^genera) associate them according to total re- 
semblances, not partial characters. The principle 
which connects a group of objects in natural history is 
not a definitio7i, but a type. Thus wo take as the type 
of the Rose family, it may l>e, the common vnld rose; 
all species which resemble this flower more than they 
resemble any other group of species are also roseg, and 
form one genua. All genera which resemble Roses 
more than they resemble any other group of genera 
are of the same family. And thus the Rose family 
is collected about some one species, which is the type 
or central point of the group. 

In such an arrangement, it may readily be conceived 
that though the nucleus of each group may cohere 
firmly together, the outskirts of contiguous groups 
may approach, and may even be intermingled, so that ■ 
some species may doubtfully adhere to one group or 
another. Yet this uncertainty does not at all affect 
the truths which we find ourselves enabled to assert 
with regard to the general mass of each group. And 
thus we are taught that there may be very important 
differences between two gi'oups of objects, although we 
are unable to tell where the one group ends and where 
the other begins; and that there may be propositions 
of indisputable truth, in which it is impossible to give 
unexceptionable definitions of the terms employed. 

15. These lessons are of the highest value with 
regard to all employments of the human mind ; for the 
motto iu which words in common use acquire their 
meaning, approaches fer more nearly to the Method of 

ic Mean, b. ilU. c IL ikL }. 
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Typ6 than to the method of definition. The terms 
which belong to our practical concernSj or to oar spon- 
taneous and unscientific speculations, are rarely capable 
of exact definition. Tliey hare been devised in order 
to express Bsaertions, often very important, yet very 
vaguely conceived; and the signification of the word is 
extended, as £ir as the assertion conveyed by it can be 
extended, by apparent connexion or by analogy. And 
thus, in all the attempts of man to grasp at knowledge, 
we have an exemplification of that which we have 
stated as the rule of induction, that Definition and 
Proposition are mutually dependent, each adjusted 80 
aa to give value and meaning to the other : and this is 
so, even when both the elements of truth are defective 
in precision ; the Definition being replaced by an in- 
complete description or a loose reference to a Typej 
and the Proposition being in a corresponding degree 
insecure. 

1 6. Thus the study of Natural History, as a cor- 
rective of the belief that definitions are essential to 
substantial truth, might be of great use ; and the ad- 
vantage which might thus he obtained is such as well 
entitles this study to a place in a liberal education. 
We may further observe, that in order that Natural 
Hwtory may produce such an effect, it must be studied 
by inspection of the objects themselves, and not by the 
reading of books only. Its lesson is, that we must in 
all oases of doubt or obscurity refer, not to words or 
definitions, but to things. The Book of Nature is its 
dictionary : it is there that the natural historian looks, 
to find the meaning of the words which he uses". So 
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long as a plant, in its n 

e than any thing else, it is 
other definition. 

1 7. (VI.) WeU-eatablie}i£d Ideas alone to he used. — 
"We may assert in general what we have elsewhere, as 
above, stated specially with reference to the fundamental 
principles of chemistry ; — no Ideas are suited to becom* 
the eJenieDta of elementary education, till they have nofr 
only become perfectly distinct and fixed in the minds 
of the leading cultivators of the science to which they 
belong ; but till they have been so for some considerable 
period. The entire clearness and steadiness of view 
which is essential to sound science, must have time to 
extend itself to a wide circle of disciples, The views 
and principles which are detected by the most profound 
and acute philosophers, are soon appropriated by all the 
most intelligent and active minds of their own and of 
the following generations; and when this has taken 
place, (and not till then,) it is right, by a proper con- 
stitution of our liberal education, to extend a general 
knowledge of such principles to all cultivated persons. 
And it follows, from this view of the matter, that wa 
are by no means to be in haste to adopt, into our 
course of education, all new discoveries as soon as they 
are made. They require some time, in order to settle 
into their proper place and position in men's minds, 
and to show themselves under their true aspects ; and 
till this is done, we coniiise and disturb, rather than 
enlighten and unfold, the ideas of learners, by intro- 
ducing the discoveries into our elementary instruction. 
Henoe it was perhaps reasonable that a century should 
elapse from the time of Galileo, before the rigorous 
teaching of Mechanics became a general element of in- 
tellectual training; and the doctrine of Universal (Jra- 
vitation was hardly ripe for such an employment till 
the end of the taat century. We must not direct the 
unformed youthful mind to launch its little bark upon 
the waters of speculation, till all the agitation of dis- 
covery, with ita consequent fluctuatiun and contro- 
versy, has well subsided. 

1 8. But it may be asked, How is it that time opfr> 
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rates to give distinctness and evidence to scientific 
ideas? In what way does it happen that views and 
prindples, obscaire and wavering at first, after a while 
become luminous and steady? Can we point out any 
process, any intermediate steps, by which this result is 
produced 1 If we can, this process must be an impor- 
tant portion of the subject now under our consideration. 
To this we reply, that the transition from the hesi- 
tation and contradiction with which true ideas are first 
received, to the general assent and clear apprehension 
which they afterwards obtain, tates place through 
the circulation of various arguments for and against 
them, and various modes of presenting and testing 
them, all which wo may include under the term JHs- 
tiissiore, ■which we have already mentioned as the 
second of the two ^vay8 by which scientific views are 
developed into full maturity. 



CHAPTER rV. 



Or McTHODB OP AOQriK»G cleab SciESTmc 1 
eantiniud. — Of the Disccssiox of Ideas. 



Aphorism XXXIIL 

7^ eonceptiotu involve tn Kientijic truUit have aUaiiud 

the requitite dtgr» of cUamat by mean* of the DiEcusuons 

rapeeting idea* loAieA have taken place atwmg dui»verert 



arid their /oUowen. Suck tSacuidoia org very far /n» 
lieiny unpro/Uobfe to $denee. They are metaphjEical, and 
rmat be lo : the difference &elu>een dacoverera and barren 
rtatonert is, that the former employ good, and the latter bad 
metaphytia. 

I. TT k eaHily seen that in every part of science, the 
X establisliineiit of a new set of ideas has been ac- 
eompanied with much of doubt and dissent. And by 
means of discussions so occasioned, the new concsp- , 
tioDB, and the opinions which involve them, have gra- 
dually become definite and clear. The authors and ' 
asserters of the new opinions, in order to moke them 
defensible, have been compelled to make them consist- 
ent: in order to recommend them to others, they have 
been obhged to make them more entirely intelli^ble 
to themselves. And thus the Terms which formed the 
.main points of the controversy, although applied in a 
loose and vacillating manner at first, have in the end 
become i)erfectly definite and eiiact. The opiniona dis- 
cussed have been, in their main features, the same 
throughout the debate ; but they have at first been 
dimly, and at last clearly apprehended ; like the objects 
of a landscape, at which we look through a telescope 
ill adjusted, till, by sliding the tube backwards and ^ 
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forwarils, we at last bring it into focus, and perceive 
overy feature of the prospect sharp and bright. 

2. We have in the last Book' fully exempli- 
fied this gradual progress of conceptions from obscu- 
rity to clearness by meana of Discussion. We have 
seeu, too, that this mode of treating the subject has 
never been successful, except when it has been asso- 
ciated with an appeal to fecta as well as to reasonings. 
A combination of experiment with argument, of ob- 
servation with demonstration, has always been found 
requisite in order that men should arrive at those dis- 
tinct conceptions which give them substantial truths. 
The arguments used led to the rejection of undefined, 
ambiguous, self- contradictory notions ; but the refer- 
ence to fccts led to the selection, or at least to the re- 
tention, of the conceptions which were both true and 
usefuL The two correlative processes, definition and 
true assertion, the formation of dear ideas and the in- 
duction of laws, went on together. 

Thus those discussions by which scientific concep- 
tions are rendered ultimately quite distinct and fixed, 
include both reasonings from I'rinciples and illustra- 
tions from Facts. At present we turn our attention 
more peculiarly to the former part of the process; ac- 
cording to the distinction already drawn, between the 
Explioationof Conceptions and the Colligation of Facts. 
The Discussions of which we here speak, are the Me- 
thod {if they may be called a method) by which the 
Explication of Conceptions is carried to the requisite 
point among philoaophera. 

3. In the History of the Fundamental Ideas of the 
Sciences which forms the Prelude to this work, and 
in the History of tlui Imiactive Sciences, I h$ve, in 
several instances, traced the steps by which, histori- 
cally speaking, these Ideas have obWned their ulti- 
mate and permanent place in the minds of speculative 
men. I have thus exemplified the reasonings and con- 
troversies which constitute such Discussion as we now 
speak o£ I h^ve stated, at considerable length, the 
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TariouB attempts, failures, and advances, by which the 
ideas which enter into the science of Mechanics i 
evolved into their present evidence. In like maimer 
we have seen the conception of refracted raya of light, 
obscure and confused in Seneca, growing clearer in 
Roger Bacon, more definite in Deacartea, perfectly dis- 
tinct in Newton. The polemty of light, at first con- 
templated with some perplexity, became very distinct 
to Malus, Young, and Fresnelj yet the phenomena of 
eireular poltM-ization, and still more, the dreidar pola- 
rizaiion of fiuids, leave us, even at present, some dif- 
ficulty in fully maatering this conception. The related 
polariiieg of electricity and magnetism are not yet 
fiilly comprehended, even by our greatest philDHOpher 
One of Mr. Faraday's late pajjcrs (the Fourteenth. Se- | 
ries of his Researches) is employed in an experiments! ' 
discussion of this sabject, which leads to no satisfactoiy 
result. The controversy between MM. Eiot and Am- 
pere*, on the nature of the Elementary Forces in elee* I 
tro-dynamic action, is another evidence that the discus- ' 
sion of this subject has not yet reached its termination. 
With regard to chemical polaritT/, I have ah'eady stated 
that this idea ia as yet vety far from being brought to 
an ultimate condition of definiteness; and the subject 
of Chemical Forces, (for that whole subject must be in- 
cluded in this idea of polarity,) which has already oo- I 
casioned much perplexity and controversy, may easily 
occasion much more, before it is settled to the satis- i 
&otion of the philosophical world. The ideas of the 
clagdficatory sciences also have of late been imdei^oing 
much, and very instructive discussion, in the contto- 
versies respecting the relations and offices of the na- 
tural and artificial methods. And with regard to phy- 
eioloffkal ideas, it woidd hardly be too much to say, 
that the whole history of physiology up to the present 
time has consisted of the discussion of the fundamental 
ideas of the science, such as Vital Forces, Nutrition, 
Reproduction, and the like. We had before us at 
some length, in the Bhtory of Sdentifio, Ideas, a review 

' Hilt. iTid. St b. HiiL c 6, ' 
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of the opposite opinions ■which, have been advanced 
on thia subject; and we attempted in aome degree to 
estimate the direction in ivhich these ideas are perma- 
nently settling. But without attaehing any importance 
to this attempt, the account there given may at least 
serve to show, how important a share in the jwiat pro- 
gress of this subject the discustion of its Fundamental 
Ideas has hitherto had. 

4. There ia one reflexion which is very pointedly 
suggested by what has been said. The manner in 
which our scientific ideas acquire their distioct and 
ultimate form being such as has been described, — 
always involving much abstract reasoning and analysis 
of our conceptions, often much opposite argumentation 
and debate; — how unphilosopbical is it to speak of 
abstraction and analysis, of dispute and controversy, as 
frivolous and unprofitable pi-ocesses, by which true 
science can never be benefitted; and how erroneous 
to put such employments in antithesis with the study 
of facts! 

Yet some writers are accustomed to talk with con- 
tempt of all past controversies, and to wouder at the 
blindness of those who did not ai first take the view 
which was established at last. Such persons forget 
that it was precisely the controversy, which eatabtished 
among speculative men that final doctrine which they 
themselves have quietly accepted. It is true, they 
have had no difiiculty ia thoroughly adopting the 
tru^h; but that has occurred because all dissentient 
doctrines have been suppressed and forgotten; and be- 
cause systems, and books, and language itself, have 
been accommodated peculiarly to the expression of 
the accepted truth. To despise those who have, by 
their mental struggles and coufliots, brought the sub- 
ject into a condition in which errour is almost out of 
our reach, is to be ungrateful exactly in proportion to 
the amount of the benefit received. It is as if a child, 
when its teacher had with many trials and much 
trouble prepared a telescope so that the vision through 
it was distinct, should wonder at his stupidity in push- 
ing the tube of the eye-glass out and in so often. 
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some persona ctondemn ail that we have 
of as the discussion of ideas, terming it j 
' and in this spirit, one Tmter' haa 
spoken of the 'metaphysical period' of each scieno«i 
as preceding the period of 'positive knowledge.' Bat i 
aa we have seen, that process which is here termed 
'metaphysical,' — the analysiB of o«r conceptions and 
the exposure of their inconsistencies, — (accompanied 
with the study of laots,) — has always gone on moet 
actively in the most prosperous periods of eaeh science. 
There is, in Galileo, Kepler, C^sendi, and the other 
fathers of mechanical philosophy, as much of mela- \ 
pliyma as in their adversaries. The main difference 
is, that the metaphysics is of a better kind ; it is mote 
conformable to metajihysical trutL Anil the same is 
the case in other sciences. Nor can it be otherwise. 
For all troth, before it can be consistent with facta, 
must be consistent with itself: and although this itite ■ 
is of undoDiable authority, its application is often &r f 
from easy. The perplexities and ambiguities whioh 
arise from our having the same idea presented to U8 
Knder different aspects, are often difficult to disan- 
tangle; and no common acuteness and steadiness' of 
thought must be expended on the task. It would be 
easy to adduce, from the works of all great discoverers, 
passages more profoundly metaphysical than any wiich 
are to be found iu the pages of barren &. priori reasonera. 
5. As we have said, those metaphysical disciiasions 
are not to he put in opposition to the study of lacta; , 
but are to be stimulated, nourished and directed liy a 1 
constant recourse to experiment and observation. The ^ 
cultivation of ideas is to be conducted as having for 
its object the connexion of fects; never to be pursued 
as a mere exercise of the subtilty of the mind, striring 
to build up a world of its own, and neglecting that 
which exists about us. For although man may in tb' 
way please himself, and admire the creations of b 
own bi'ain, he can never, by this course, hit upon the | 
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real Bcheme of natiii'e. With his ideas unfolded by 
education, Bharpened by controversy, rectified by meta- 
physics, he may undergtand the natural 'world, but he 
cannot irt/venl it. At every step, he must try the value 
of the advances he has made in thought, by applying 
his thoughts to things. The Explication of Concep- 
tions miiat be carried on with a perpetual reference to 
the Colligation of Facta. 

Having here treated of Education and Discussion as 
the methods by which the former of these two pro- 
ceaaes is to be promoted, we have now to explain the 
methoda which science employs in order most success- 
fiilly to execute the latter. But the Colligation of 
Facts, as already stated, may offer to us two steps of 
a very different kind, — the laws of Phenomena, and 
their Causes. We shall firat describe some of the 
methods employed in obtaining truths of the former of 
these two kmds. 



CHAPTER V. 

Analysis of the Pbocess of Ikductioh. 



Aphorism XXXIT. 

The Proeeti ofJiiduetion may he resolved into three tUpi: \ 

the StilectioD of the Idea, the ConeCruction of the Coacep- J 

tion, aiid the Be termination of tbe MagnitudeB. 

Aphoribm XXXT. 
These three »Ups correspond to the delermination of tla 
Independeint Variable, the Formula, atid the CoeScIonts, 
in matlteTitatical tnveiitiffiilwnii or to the Argmnent, the 
Law, and the Numerical Data, t» a Table of an aitrono- 
mical or other Inequality. 

Aphorism XXXVI. 

The Selection of the Idea depends mainhj upon i, 
mffaeiti/i vihieh operates by tuggesling and trying h 
hypotheses. Some inquirers try erroneous hypotheses; and 1 
this, exhatatinff the forms of errour, form the Prelude to [ 
Discovery, 

Aphorism XXX-VII. 

The following Rules may be given, in order to the selection J 
of the Idea for purposes of Induction: — (fie Idea and the 1 
Poets must be homogcneouB; and tlie Rule tauit be tested I 
by the Facts. 

Sect, l.—The TJirse Steps of Induetwn. 

I. "tTTHEN facts have been decomposed and pho- I 

Vt nomena measured, the philoaopher ende»- f 

voura to combine them into general laws, by the aid of J 
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Ideofl and Conceptions ; these teing illuatrated and re- 
gulated by such means aa we have qioken of in the last 
two ebaptera. In this taak, of gathering laws of nature 
fi^>m observed facta, as we have already said', the Da- 
tural sagacity of gifted minds ia the power by which 
the greater part of the succeaafol results have been 
obtained ; and this power will probably always be more 
efficacious than any Method can be. Still thei-e are 
certain methods of procedure which may, in such iii- 
vestigatious, give ks no inconsiderable aid, and these I 
shall endeavour to expound. 

2, For this purpose, I romark that the Colligation' 
of ascertained Facts into general Propositions may be 
considered as containing three steps, which I shall 
term the Selection of the Idea, the ConstrucHon of the 
Conception, and (Ae Iktermination of t}te Magnitudes. 
It will be recollected that by the word Idea, (or Funda- 
mental Idea,) used in a peculiar aenae, I mean certain 
wide and general fields of intelligible relation, such aa 
Space, Number, Cause, Likeness; while by Goneeptioii 
I denote more special modi£catioua of these ideas, as a 
circle, a square number, a uniform, force, a like farm, of 
flower. Now in order to establish any law by reference 
to fects, we must select the ^"ue Idea and the Prue 
Conception. For example; when Hipparchua found' 
that the distance of the bright star Spica Yirginis from 
the equiuozial point had increased by two degrees in 
about two hnndred years, and desired to reduce this 
change to a law, he had first to assign, if possible, the 
idf.a on which it depended ; — whether it was regulated 
for instance, by space, or by time; whether it was de- 
termined by the positions of other stars at each mo- 
ment, or went on progressively with the lapse of ages. 
And when there was found reason to select titne as the 
regidative idea of this change, it was then to be deter- 
mined how the change went on with the time; — 
whether uniformly, or in some other manner: the con- 
ception, or the rule of the progression, was to bo 



rightly coiiatnict«<L Finally, it being ascertained that < 
the chaJige did go on nnifonnly, the qae^ttion then, 
occnired what was its amount: — whether exactly a 
degree in a centmy, or more, or le^ and how mnch : 
and thnH the determination of the m/iffnitad« com- 
pleted the discovery of the law of phenomena respect- 
ing this star. 

3. Steps similar to these three may be discerned 
in all other discoveries of laws of nature. Thus, iji 
investigating the laws of the motions of the sim, moon 
or planets, we find that these motions may be resolved, 
besides a uniform motion, 4nto a series of partial mo- 
tions, or Ineqoalitiea ; and for each of these Inequalities, 
we have to learn npon what it directly depends, whe- 
ther npon the progress of time only, or npon some con- 
figuration of the heavenly bodies in space ; then, we have 
to ascertain its law; and finally, we have to determine 
what LB its amount In the case of such Inequalities, 
the fundamental element on which the Inequality de- 
pends, is called by mathematictuns the ArffujiietU. And 
when the Inequality has been fully reduced to known 
rules, and expressed in the fona of a Table, the Argn- 
ment is the fundamental Series of Numbers which 
stands in the mar^ of the Table, and by means of 
which we refer to the other Numbers which express 
the Inequality. Thus, in order to obtain from a Solar 
Table the Inequidity of the sun's annual motion, the 
jVrgument is the Number which exprrasea the day of 
the year; the Inequalities for each day being (in the 
Table) ranged in a line corresponding to the days. 
Moreover, the Argument of an Inequality being as* 
Bumed to be known, we must, in order to calculate the 
Table, that is, in order to exhibit the law of nature , 
know also the Laio of the Inequality, and its Aviownt, ' 
And the investigation of these three things, the Arga- 
ment, the Law, and the Amount of the Inequality, ] 
represents the three steps above described, the Sele&- 1 
tion of the Idea, the Construction of the Conoeption, 1 
and the Determination of the Magnitude. 

4. In a great body of cases, ■mathemalicai language i 
and calculation are used to express the t 
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tween the general law and the special faJ3ts. And when 
this is done, the three stejis above described may be 
spoken of as the Selection of the iTidepmdenl Variable, 
the Construction of the Formula, and the Determina- 
tion of the GoeffidenU. It may be worth our while to 
attend to an exemplification of this. Suppose then, 
that, in such observations as we have jtist spoken of, 
namely, the' shifting of a star from its place in the 
heavens by an unknown law, astronomers had, at the 
end of three successive years, found that the star had 
removed by 3, by 8, and by 15 minutes from its ori- 
ginal place. Suppose it tp be ascertained also, by 
methods of which we shall hereafter treat, that this 
change depends upon the time; we must then take the 
time, (which we may denote by the symbol (,} for the 
indepeTident varkAle. But though the star changes 
its place with the time, the change is not proportional 
to the time; for its motion which is only 3 minutes in 
the first year, is 5 minutes in the second year, and 7 
in the third. But it is not difficult for a person a little 
versed in mathematics to perceive that the series 3, S, 
1 5, may be obtained by means of .two tenns, one of 
which is proportitoial to the time, and the other to the 
square of the time; that is, it is expressed by the^or- 
m,ulu at +btl. The qneation then occurs, what are the 
values of the coefficienia a and h; and a little esamina- 
tion of the case shows us that a must be 2, and b, 1 : 
so that the formula is 2* + tt. Indeed if we add to- 
gether the series 2, 4, 6, which expresses a change 
proportional to the time, and i, 4, 9, which is propor- 
tional to the square of the time, we obtain the series 
3, 8, 1 5, which is the aeries of numbers given by obser- 
vation. And thus the three steps which give «s the 
Idea, the Cooceptiou, and the Magnitudes; or the 
Argument, the Law, and the Amount, of the change; 
give ua the Independent Vaiiable, the Formula, and 
tlie Coefficients, respectively. 

We now proceed to offer some suggestions of methods 
by which each of these steps may be in some degree 
promoted. 
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Sect. U. — Of 0>e Sdeeti/mo/the Ftmdametttal Ztiea. 

5, When we torn our thon^U npon any a 
blage of bct^ with a view of collecting fi^>m ihem 
some coanexioii or law, the most important st«p, and 
at the sane time that in which roles can least aid ns, is 
the Selection of the Idea hy which they are to be 
collected. So long aa this idea haa not been detected, 
all oeems to he hopeless confusion or insulated &cts; 
when the connecting idea haa been canght ^ht oC, we 
constantly regard the fact^ with reference to thar 
connexion, and wonder that it should be possible for 
any one to consider them in any other point of view. 

Thus the different aeaaons, and the varions aspects 
of the heavenly bodies, might at first appear to be 
direct manifestationa irom some superior power, which 
man could not even undefEtand : but it was soon found 
that the ideas of time and space, of motion and recni^ 
rence, would give coherency to many of the pheno- 
mena. Yet this toot place by snccessiTe steps. EcUpsea, 
for a long jfcriod, qeemed t« follow no law; and being 
very remarkable events, continued to be deemed the 
indications of a supemataral will, after the common 
motions of the heavens were seen to be governed by 
relations of time and apace. At length, however, the 
Chaldeans discovered that, after a period of eighteen 
years, aimilai" sets of eclipses recur ; and, thus selecting 
the idea oftiTne, simply, as that to which these events 
were to be referred, they were able to reduce them to 
rule; and from that time, eclij)ses were recognized a 
parta of a regular order of things. We may, in th' 
same manner, consider any other course of eventa, and 
may enquire by what idea they are bound together 
For example, if we take the weather, years peculiarly ] 
wet or dry, hot and cold, productive and unproductive 
follow each other in a manner which, at first sight a^ 
leafit, seems utterly lawless and irregular. Now can we 
in any way discover some rule and order in thestf 
occurrences! la there, for example, in these events ' 
as in eclipses, a certain cycle of years, after which like' ] 



seasons come round again? or does the weather depend 
upon tte foi-ce of some extraneous body — for instance, 
the moon — and follow in aome way her aspects! or 
would the most proper way of investigating this subject 
be to consider the effect of the moisture aad heat of 
various tracts of the earth's surface npon the ambient 
air] It ia at our choice to try these and other modes 
of obtaining a science of the weather ; that is, we may 
refer the phenomena to the idea of twis, introducing 
the conception of a cycle ; — or to the idea of external 
force, by Uie conception of the moon's action ; — or to tho 
idea of mutual action, introducing the conceptiona of 
thermotioal and atmological agencies, operating between 
different regions of earth, water, and air, 

6. It may be asked, How are we to decide in such 
alternatives t How are we to select the one right idea 
out of several conceivable ones! To which we can only 
reply, that this mnat be done by trying which will suc- 
ceed. If there really exist a cycle of the weather, aa 
well as of eclipses, this must be established by comparing 
the asserted cycle with a good register of the seasons, 
of sufficient extent. Or if the moon really influence 
the meteorological conditions of the air, the asserted 
influence must be compared with the observed fiicts, 
and so accepted or rejected. When Hipparchus bad 
observed the increase of longitude of the stars, the idea 
of a motion of the celestial sphere su^ested itself as 
the explanation of the change ; but this thought was 
verified only by obsei-ving several stars. It was con- 
ceivable that each star should have an independent 
motion, governed by time only, or by other eircum- 
stances, instead of being regulated by its place in the 
sphere; and tiiis possibility could be rejected by trial 
alone. In like manner, the original opinion of the 
composition of bodies supposed the compoimda to derive 
their properties from the elements according to the law 
of liienesB; but this opinion was overturned by a 
thousand facts j and thus the really applicable Idea 
of Chemical Composition was introduced in modem 
times. In what has already been said on the Histoiy 
of Ideas, we have seen how each science was in a state 
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nle ftr tlw ^mUb tdfaMtint of lufaW ^w, ^ 
- " gtfcewftaeii— Afd<»ihea^eirftta^M». 

idea rf Oe MM 9^jyMM(«ry of Hm! Mdid, ^ Ibas «H 
to give die trae^aw oi' the fkcKoaoAaft. 

& AhhoD^ the ideetMl ides ■ prwrad to be tk 
ri^it OB^ mtf viten tbe tme lav of naturB is vl»- 
bliAed I7 Bean* of it, yet it oftoi h^pfMU* that tbore 
prevaOa a settled cooTictiaD reqiectfaig the nJatko 
which must aOord the key to the pfaenomoia, lie&cv 
the iKlectino has been confirmed by liit? laws to which 
it lexb- Even before the ^npirical Uws of the tidea 
were ma<!e oat, it was not doabtful that tbeae laws 
dqMuded apoD the places and motions of the son and 
moon. We know that the aystaUine form of a bo^ 
must depend npon its chemical compouUon, thon^ 
we are ax yet unable to assign the law of thia de- 
pendence. 

Indeed in most cases of great discoveries, the ri^t 
idea to which the facts were to be referred, was ■»- 
lected by many phil('>sopher3, before the decisive demon- 
stration that it wx» the right idea, waa giTen by the 
dijwoverer. ThnM Newton showed that the motions of 
the planets might be explained by means of a central 
force in the suu : but though he ^^blished, he did notlJ 
first eeleot the idea involved in the conception of % 



central force. The idea had already been sufficiently 
pointed out, dimly by Kepler, more clearly by Borelli, 
Huygliens, Wren, and Hooka Indeed thia aaticipa- 
tion of the true idea is always a principal part of that 
which, in the Migtory of the Sciences, we have termed 
the Frdvde of a Mscovery. The two steps otpropos' 
ing a philosophical problem, and of aolvmg it, are, as 
■we have elsewhere said, both important, and are often 
performed by ditferent persons. The former step is, in 
&at, the Selection of the Idea. In explaining any 
change, we have to discover first the Argument, and 
then the Lam of the changa The selection of the 
Argument is the step of which we here apeat ; and is 
that in which inventivenesa of mind and justness of 
thought are mainly shown. 

9. Although, as we have said, we can give few pre- 
cise directions for this cardinal process, the Selection of 
the Idea, in speculating on phenomena, yet there is 
one Rule which may have its use ; it is this ; — The idea 
and the facts mMst he homogeneous: the elementary 
Conceptions, into which the facts have been decom- 
posed, must be of the same nature as the Idea by 
which we attempt to collect them into laws. Thus, if 
&cts have been observed and measured by reference to 
space, they must be bound together by the idea of 
space : if we would obtain a knowledge of mechanical 
forces in the solar system, we must observe mechanical 
phenomena. Kepler erred against this rule in his 
attempts at obtaining physical laws of the system ; for 
the facts which he took were the velocities, not the 
changes of vdodty, which are really the mechanical 
facts. Again, there has been a transgression of this 
Rule committed by all chemical philosophers who have 
attempted to assign the relative position of the ele- 
mentary particles of bodies in their component mole- 
cules. For their purpose has been to discover the 
relaliona of the particles in space; and yet they have 
neglected the only facta in the constitution of bodies 
which have a reference to apace — namely, cryitalline 
foTW^ and optical properties. No pw^T-esB can We made 
in the theory of the elementary structui-e of bodies, 
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without making tlieBo clofises of &cts ttie main b 
our Bpeeulations. 

lo. The only other Rule which I have to offer on 
this subject, is that which I have already given: — i/w 
Idea maiM be tested by the factg. It moat be tried by 
applying to the facts the conceptions which are derived 
from the idea, and not accepted till some of these suc- 
ceed in giving the law of the phenomena. The justice 
of the suggestion cannot be known otherwise than by 
making the trial. If we can discover a triie law by 
employing any conceptions, the idea from which these 
conceptions are derived is the right one; nor can there 
be any proof of its rightnesa so complete and satisfac- 
tory, as that we are by it led to a solid and permanent 

This, however, can hardly be termed a Rule; for 
when we would know, to conjecture and to try the 
truth of our conjecture by a compaiison with the facta, 
is the natural and obvious dictate of common sense. 

Supposing the Idea which we adopt, or which we 
would try, to be now fixed upon, we still have before 
ua the range of many Conceptions derived from it; 
many FormiUw may be devised depending on the same 
Independent Variable, and we must now consider how 
our selection among these is to be mada 
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Aphokism XXXVIII. 
Tlie Construction of the Conceprion very often indades, in 
a great measure, tlie Det^iainatton of the Magnilitdea, 

Aphokism XXXIX. 
When a 'leries of progressive numbers is given as tht 
result of observation, it maj/ generally be redtuxd to laui by 
■s of arithmetical and geometrical progrenionx. 

Aphorism XL. 



A true formula for a progressive it 
cornmonly be obtained from a narrow 

APHOEiaM XL I. 
Recurrent series of numbers must, in 
pressed by eireular funnuicE. 

Aphokism XLIL 

The true construction of the conception 

gested by scrme hypothesis ; and in these e 

may be tisefal, though containing av^erfiixt 



■ies ofnianhers cannot 
range of observations. 



is frequently sug- 
ses, the hypothesis 



I, TN speaking of the discovery of laws of nature, 
X those which depend upon jwareiiiy, as number, 
space, and the like, are most prominent ajid moat easily 
conceived, and therefore in speakingof such researches, 
■WB shall often use language which applies peculiarly to 




FOEMATION OP SCIEWCE. 

the cases in which quantitiea numericalljr measurable 
are concerned, leaving It for a mibsequent task to es- 
tead OUT piinciplea to ideas of other kinds. 

Hence we may at present conBider the Oonstructiou 
of a Conception which shaU include and connect the 
facts, aa being the construction of a Mathematical For- 
mula, coinciding with the numerical expression of the 
facte i and we have to consider how this process can be 
iacilitated, it being supposed that we have already be- 
fore ua the numerical measures given by observation. 

2. We may remark, however, that the construction 
of the right Formula for any such case, and the deter- 
mination of the Coefficients of such formula, which we 
have spoken of as two separate steps, are in practice 
almost necessarily simultaneouH ; for the near coinci- 
dence of the results of the theoretical rule with the 
obsei'ved fects confirms at the same time the Formula 
and its Coefficients. In this case also, the mode of 
arriving at truth is to try various hyjtotheaes ; — to 
modify the hypotheses ao as to approximate to the 
facts, and to multiply the iacts so as to test the hy- 
potheses. 

The Independent Variable, and the Formula which 
we would try, being once selected, mathematicians have 
devised certain special and technical procrasea by which 
the value of the coefficients may be determined. These 
■we shall treat of in the next Chapter ; but in the mean 
time we may note, in a more general manner, the mode 
in which, in physical researches, the proper formula 
may be obtained. 

3. A person somewhat versed in mathematics, hav- 
ing before him a scries of numbei-s, will generally bo 
able to devise a formula which approaches near to 
those numbers. If, for instance, the series is con- 
stantly progressive, he will be able to see whether it 
more nearly resembles an arithmetical or a geometrical 
progression. For example, MM. Dulong and Petit, in 
their investigation of the law of cooUng of bodies. 
obtained the following series of measures. A thermo- 
roeter, made hot, was placed in an enclosnr 
the temperature was o degrees, and the rapidity 
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cooling of the 



thermometer was noted for ir 
was fomid that 

140 the rapiditj oF cooling « 



jiTid so on. Now this series of numbers manifestly ia- 
creasea with greater rapidity as we proceed from the 
lower to the higher parts of the scale. The nunil>era 
do not, however, form a geometrical series, as we may 
easily ascertain. But if we were to take the differences 
of the successive terms we should find them to be — 

1-88, 1-41, 1-30, r-zi, roi, &c 
and these numbers are very nearly the terras of a geo- 
metric series. For if we divide each term by the suc- 
ceeding one, we find these niunbers, 



1-07, 



■27, 



in which there does not appear to be ajiy constant ten- 
dency to diminish or increase. And we shall find that 
a geometrical aeries in which the ratio is i"iti5, maybe 
made to approach very near to this series, the devi- 
ations from it being oidy such as may be accounted for 
by conceiving them as errouts of observation. In this 
r a certain formula' is obtained, giving results 
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which very nearly coineide with the obserred &cta, a» ' 
may be seen in the margin. 

The physical law expressed by the formula just 
spoken of is this : — that when a body in cooling in aa 

empty iuclosore which is kept at a cooataut t^nipera- 
ture, the qoickneas of the cooling, for excee.4ea of tem- 
perature in aritlimetical prc^ression, increases as the 
terms of a geometrical progression, dlnmmhed by a 
constant nnmber. 

4- In the actual investigation of Dulong and Petit, 
however, the formula was not obtained in precisely the 
manner just described. For the quickness of cooling 
depends ujron two elements, the temperature of the hot 
body and the temperature of the incloaure ; not merely 
npon the excess of one of these over the other. And 
it was found most convenient, Srst, to make such erp&- 
rimeuts as should exhibit the dependence of the v^o- 
city of cooling upon the temperature of the enclosurej 
which deitendeuce ia contained in the following law : — 
The quickness of cooling of a thermometer in vacuw 
for a constant excess of temperature, increases in geo- 
metric progression, when the temperature of the inclo- 
aure inoreaaes in arithmetic progren'iioa. Prom this 
law the preceding one follows by necessary conse- 

Thia example may serve to show the nature of the 
artifices which may be used for the construction of 
formulie, when we have a constantly progressive seiies 
of numbers to represenL We must not only endeavour i 
by trial to contnve a formula which will answer the i 
conditions, but we must vary our experiments so as to I 
determine, Sxet one factor or portion of the formula) I 
and then the other; and we must use the most pro- I 



^ For [f 6 bs the bunperature of hs ri#;a'— i] which agnes irUh tha 

Uie Incloinrs, tuid 1 ths ei»si af fumalH glrea in the last noto. 
tempenture of the hot bodr, it ap- The whole of thli aaiea ot »- ' 

peui, bythlfl law, thst the nuUUlon BeardiaotlluluneuidFetitUniUof I 

oThnt 1> u oa. And hence the ^lUlck- the moat beaullfiil and iDOtnictlTB | 

neBOfooolliiB, which iBUtheex^u srtiQcss tor the coustniction of tha 

oTraaiadoo, ta u u'*'ia';that Is, propsr totmuliB inphyakiliM 
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bable hypotBeais as means of suggestion for our for- 

5. In a progressive aeries of numbers, unlesa tlie 
formula which we adopt be really that ■which expresses 
the law of nature, the deviations of the formula from 
the facts will generally become enormous, when the 
experiments are extended into new parts of the scale. 
True formuIsB for a progroasive series of results can 
hardly ever bo obtained from a very limited range of 
experiments : just as the attempt to gueaa the general 
course of a i-oad or a river, by knowing two or three 
points of it in the neighbourhood of one another, would 
generally fail. In the investigation respecting the 
laws of the cooling of bodies just noticed, one great 
advantage of the course pursued by the experimenters 
was, that their experiments included so great a range 
of temperatures. The attempts to assign the law of 
elasticity of steam deduced from experiments made 
with modeiate temperatures, were found to be enor- 
mously wrong, when very high temperatures were 
made the subject of experiment. It is easy to see that 
this must be so: an aiithmetical and a geometrical 
series may nearly coincide for a few terras moderately 
near each other ; but if we take remote corresponding 
terms in the two series, one of these will be very many 
times the other. And hence, from a narrow range of 
eiperiments, we may infer one of these series when wa 
onght to infer the other; and thus obtain a law which 
is widely erroneous. 

6. In Astronomy, the serieses of observations which 
we have to study are, for the moat part, not progressive, 
but recurreHt. The numbers observed do not go on 
constantly increasing; but after increasing up to a cer- 
tain amount they diminish; then, after a certain apace, 
increase agrun; and so on, (hanging constantly through 
certain eydeg. In cases in which the observed numbers 
are .of this kind, the formula which expi'esaes them 
must be a circular Jmielion, of some sort or other ; in- 
volving, for instance, sines, tangents, and other forms 
of calculation, which have recurring values when the 
angle on which they depend goes on constantly 
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increasing. The main business of formal astronomy cou- 
siats in resolving the celestial phenomena into a series 
of ler-ms of this kind, in detecting their argwmentg, and 
in determining their coe^cienta, 

7. In oonatnicting the formnlffl by which laws of 
catttre are expressed, although the first object is to 
assign the Law of the Phenomena, philosophers have, 
in almost all cases, not proceeded in a purely empirical 
manner, to connect the obsBrved nvimberB by some ex- 
pression of calculation, but have been guided, ia the 
eelection of their formula, by some HypoUmma respect- 
ing the mode of connexion of the facta. Thus the for- 
mula of Dulong and Petit above given was suggested 
by the Theory of Exchanges ; the first attempts at the 
resolution of the heavenly motions into circular funo* 
tions were clothed in the hypothesis of Epicycles. And 
this WHS almost inevitable. ' We mnat confeaa,' Bay» 
Copernicus', ' that the celestial motions aj^ circular^ 
or comirounded of several circles, since their inequi- 
ties observe a fised law, and recur in value at certaia 
intervals, which could not be except they were circu- 
lar : for a circle alone can make that quantity which 
haa occurred recur again.' In like manner the first 
publication of the Law of the Since, the true formula of 
optical refraction, was aocompanjed by Descartes with 
an hypothesis, in which an explanation of the law was 
pretended. In such cases, the mere comparison of 
observations may long fail in suggesting the true for- 
mulas. The fringes of shadows and other diffi'acted 
colours were studied in vain by Newton, Gramaldi, 
Comparetti, the elder Herschel, and Mr. Brougham, 
so long as these inquirers attempted merely to trace 
the laws of the facts as they appeared in themselves; 
while Young, Fresnel, Fraunhofer, Schwerdt, and 
others, determined these laws in the most rigorous 
manner, when they applied to the observations tha 
Hypothesis of Interferences. 

8. But with all the aid that Hypotheses and Calcu- 
lation can afford, the construction of true formuli 
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those cardinal discoveries by which the progress of 
Ecience has mainly been caused, has been a matter of 
great labour and difficulty, and of good fortune added 
to sagacity. In the History of Science, we have seen 
how long and how hard Kepler laboured, before he 
converted the formula for the planetary motions, from 
an epieyclical combination, to a simple ellipse. The same 
philosopher, labouring with equal zeal and pereeverance 
to discover the formula of optical refraction, which 
now appears to us so simple, was utterly foiled. Mains 
sought in vain the formula determining the Angle at 
which a transparent surfece polarizes light : Sir D, 
Brewster*, with a happy sagacity, discovered the for- 
mula to be simply this, that the index of refraction is 
the tangenl of the angle of polarization. 

Though we cannot give rules which will be of 
much service when we have thus to divine the general 
form of the relation by which phenomena are con- 
nected, there are certain methods by which, in a nar- 
rower field, our investigations may be materially pro- 
moted; — certain special methods of obtaining Laws 
fi'om Observations, Of these wo shall now proceed to 
treat. 

• EiA /?Mt Sft b. it c. vt 
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Special Methods op luDucrioif 
Quantity. 



Aphorism XLIIL 

Thav are apecial Methods of Induction applicable 

Quantitj/i of which the principal are, the Method of Curvea, 

the Method of Moans, (ie Method of Least Squares, and 

the Method of ReslducB. 

Aphorism XLIV. 
Tho Method of Curves consists in dramng a curve, of 
which the observed quantities are the Ordinal^, the quatUiltf i 
on which the change of thtie quantities depends being the 
Abseista. The ^caey of this Method depends vpon the 
famity which the eye possesses, of readily detecting rega- 
larily iwd irreguUiTity in forma. The Method may be need J 
to detect lAe Laws which the observed quantities follow ; and I 
also, when the Observations are ines^et, it may be used to t 
rect these ObservatioTis, so as to obtain data inure true than the 
observed facts themselves. 

Aphorism XLV, 

The Method of Means ffets rid of irregularities by laHng , 
the arithmetical mean of a great number of observed quanti- i 
ties. Its ejicacy depends upon this ; that in eases in which 
obaeryred quantities are affected by other inequalities, be^des 
that of which we wish to determine tlie law, the e'rcesses aboTe 
and defects below the qaantities which the law in question 
would pTvduce, will, in a collection of many observations, 
balance each other. 



Aphorism XLYI. 

Tho Method of Least Squares is a Method of Meatu, in 
which the mean it taken according to the condition, that the 
sum of Vie aqvaruof tlte errottrs of observation ihall be the 
least possible which tf^ law of the facts allows. It appears, 
bi/ the Doctrine of Chances, that this is the moat probablu 



Aphoeism XLVII. 
Tho Method of Residues eimsists in subtroiting, from 
the quantities given hy Observation, the quantity given by any 
Law already discovered; and then examining the ranainder, 
or Residue, in order to discover the leading Law which it 
follows. When this second Law has been discovered, the 
quantity given by it may be subtracted from the first Residue; 
thus giving a Second Beeidue, which may be examined in 
the same mannas; and so on. ITie egicaey of this method 
depends principally upon the circumslmiee of tlie Laws of 
variation being siKeessively smaller and smaller in amount 
(or at least in their mean effect) ; so that the vlterior undis- 
covered Laws do not prevent the Law in question from being 
proiDiuent in the observations. 

ApHOiiiSM XLVII I. 
The Metliod of Means and the Method of Least Squares 
cannot he applied without aur knowing the ArgumeniB of 
the Inequalities which we seek. The Method of Curves and 
the Method of Mesidaes, when tlie Arguments of the principal 
Inequalities are known, often make il easy to find tlie otiiers. 



IN eases where the phenomena admit of nnmerieol 
measurement and expression, certain niatheniR,ti- 
cal methods may bo employed to facilitate and give 
accuracy to the determination of the formtda by which 
the obaervationa are connected into laws. Among the 
moat usual and important of these Methods aie the 
following : — ■ 
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III. Tiie Method of Least Sqiia 
IT. The Method of Residues. 



Se(t. I. — The Method o/ Curves. 

1. The Method of Curves proceeds upon this basis ; 
that when one quantity undergoes a series of changes 

the progress of another quantity, (as, for 
, the Deviation of the Moon from her equable 
place depends upon the progress of Time,) this depend- 
ence may be expressed by means of a curve. In the 
language of mathematicians, the variable quantity, ., 
vhose changes we would consider, is made the ordi' ] 
note of the curve, and the quantity on which ths I 
changes depend is made the abscissa. la this manner, < 
the curve will exhibit in its form a series of undul»^ "i 
tions, rising and falling so as to correspond with tbe^'l 
alternate Increase and Diminution of the quantity re-'<i 
presented, at intervals of Space which correspond t " 
the iutervals of Time, or other quantity by which f 
changes are regulated. Thus, to take another exampl 
if we set up, at equal intervals, a series of ocdinatea r»<l 
presenting the Height of all the successive High Waters I 
brought by the tides at a given place, for a year, the 1 
curve which connects the summits of all these ordi- J 
nates will exhibit a series of undulations, ascending.J 
and descending once in about each Fortnight ; since, isl 
that interval, we have, in succession, the high sprin^ff 
tides and the low neap tides. The curve thus drawn 
offers to the eye a picture of the order and magnituth 
of the changes to which the quantity under contem'V 
plation, (the height of high water,) is subject. 

2. Now the peculiar facility and efficacy of the j 
Method of Curves depends upon this circumstance; — 
that order and regularity are more readily and clearly 
recognized, when thus e^bited to the eye in a picture, 
than they are when presented to the mind in any other 
manner. To detect the relations of Number consi- 
dered Erectly as Number, is not easy ; and we might 
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contemplate for a long time a Table of recorded Num- 
bers without perceiving the order of their increase and 
diminution, even if the law were moderately simpie; 
as any one may satisfy himself by looking at a Tide 
Table. But if these Numbers are expressed by the 
magnitude of Zines, and if these Lines are arranged in 
regular order, the eye readily disooTera the rule of 
their changes: it foljowa the curve ■which runs along 
their extremities, and takes note of the order in which 
its convexities and concavities succeed each other, if 
any order be readily discoverable. The separate ob- 
servations ore in this manner compared and generalized 
and reduced to rule by the eye alone. And the eye, 
so employed, (detects relations of order and succession 
with a peculiar celerity and evidence. If, for example, 
we thus arrange as ordinatea the prices of com in each 
year for a series of years, we shall see the order, rapi- 
dity, and amount of the increase and decrease of price, 
for more clearly than in any other manner. And if 
there were any recurrence of increase and decrease at 
stated intervals of years, we shoidd in this manner 
perceive it. The eye, constantly active and busy, and 
employed in making into shapes the hints and ttfices 
of form which it contemplates, runs along the ciUTO 
thus offered to it; and as it travels backwards and 
forwards, is ever on the watch to detect some reaem- 
blancB or contrast between one part and another. And 
these resemblances and contrasts, when discovered, are 
the images of Laws of Phenomena ; which are made 
manifest at once by this artifice, although the mind 
could not easily catch the indications of their exist- 
ence, if they were not thus reflected to her in the clear 
mirror of Spaca 

Thus when we have a series of good Observations, 
and know the argument upon which their change of 
magnitude depends, the Method of Carves enables ua to 
ascertain, almost at a glance, the law of the change ; and 
by further attention, may be made to give us a formula 
with great accuracy. The Method enables us to perceive, 
among our observations, an order, which without the 
method, is concealed in obscurity and perplexity. 
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3. But the Method of Curves not only eoablee q 

to obtain laws of nature from good Observations, 1 
also, in a great degree, from observations wluch are 
very tmper/ect. For the imperfection of observations 
may ia part be corrected by this consideration; — that 
though they may appear irregular, the correct facts 
which they impei-feotly represent, are really regular. 
And the Method of Curves enables ua to remedy this 
apparent irregularity, at least in part. For when Ob- 
servations thus imperfect are laid down as Ordinates, 
and their extremities connected by a line, we obtain, 
not a smooth and flowing curve, such as we should 
have if the observations contained only the rigorous 
results of tegular laws; but a broken, and irregular 
line, full of sudden and capricious twistings, and bear- 
ing on its face marks of irregularities dependent, not 
upon law, but upon chance. Yet these irregular and 
abrapt deviations in the curve ate, in most cases, but 
small in extent, when compared with those bendings 
which denote the effects of regular law. And this 
circumHtancB is one of the great grounds of advantage 
in the Method of Curves. For when the observationB 
thiis laid down present to the eye such a broken and 
irregular line, we can still see, often with great ease 
and certainty, what twistings of the line are probably 
due to the irregular errours of observation ; and can 
at once reject these, by drawing a more regular curve, 
'cutting off all such small and irregular sinuosities, 
leaving some to the right and some to the left; and 
then proceeding as if this regular curve, and not the 
irregular one, expressed the observations. In this 
manner, we suppose the errours of observation to 
balance each other; some of our corrected measures 
being too great and others too small, hut with no great 
preponderance either way. We draw our main regular 
curve, not through the points given by our observa- 
tions, but among them : drawing it, as has been said 
by one of the philosophers' who first systematically 
used this method, ' with a bold but careful hand.* 

I Sii J. Henchel, Ait Soc Trans. toL t. p. i. 
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The regular curve whicli we thus obtain, thus freed 
fi-om the casual errours of observation, is that io which 
we eoileavour to discover the lawa of change and sue- 
sesaion. 

4. By this method, thua getting rid at once, in a 
great meaaure, of eiroiiTB of observation, we obtain 
data which are more true than ike individual facta 
tliejnsdves. The philoaophet^a business is to compare 
his hypotheses with facta, as we have often said. But 
if we make the coutpariaon with separate B|>ecial lacts, 
we are liable to be perplexed or misled, to an unknown 
amount, by the erroura of observation; which may 
cause the hypothetical and the obaerved result to agree, 
or to disagree, when otherwise they would not do so. 
If, however, we thus take the whole mass of the/aols, 
and remove the errours of actual obsei-vation', by 
making the curve which expresses the supposed obser- 
vation regular and smooth, we have the separate facts 
corrected by their general tendency. We are put in 
possession, as we have said, of something more true 
than any fiict by itself is. 

One of the moat admirable examples of the use of 
this Method of Curves is fo«nd in Sir John Herschel's 
Iwoegtigation of the Orhita o/DovMeSta^s". The author 
there shows how fer inferior the direct observations of 
the angle of position are, to the observations corrected 
by a curve in the manner above stated. ' This curve 
once drawn,' he says, ' must repreaent, it ia evident, 
the law of variation of the angle of position, with the 
time, not only for instants intermetliate between the 
dates of observations, but even at the moments of 
observation themselves, much better than the indivi- 
dual raw observations can possibly (on an average) do. 
It is only requisite to try a case or two, to be satisfied 
that by substituting the curve for the points, we have 
made a nearer approach to nature, and in a great 
meHsure eliminated errours of observation.' ' In fol- 
lowing the graphical process,' he adds, 'we have a 
conviction, almost approaching to moral certainty that 




TOBHATIOS OF SCIZSCZ. 



we cannot be grefttly misled.' Ag&in. having 
corrected the rav obaervations, he makes another 
of the graphical method, by tning whether an ellipse 
can be drawn ' if not throagk, at least among the 
pcinte, so aa to approach tolerably near them all; and 
thus approaching to the orbit which is tbe eabject of 



Q^ thus I 

theroae ] 

i 



The Obstadet which principally impede the i^ 
plication of the Method of Curves are (I.) our ignormtiea 
of the argument of the changes, and (XL) the eompliea- 
tum o/aeoeral Imoa with one another. 

(1.) If we do not know on what quantity those 
changes depend which we are studying, we may fail 
entirely In detecting the law of the changes, although 
we throw the observatioDB into curves. For the true 
argument of the change should, in iact, be made the 
ahadsea. of the curve. If we were to espress, by a 
aeries of ordinates, the hour of high water on succes- 
sive days, we should not obtain, or should obtain very 
imperfectly, the law which these times follow ; for the 
real argument of this change is not the solar hour, but 
the howr at which the moon passes the meridian. But 
if we are supposed to be aware that this is the argur- 
ment, (which theory suggests and trial instantly oon- 
fnuH) WQ then do immediately obtain the primaiy 
Rules of the Time of High Water, by throwing a series 
of observations into a Curve, with the Hour of the 
Moon's Transit for the abscissa. 

In like manner, whea we have obtained the first 
great or 8emi-menaual Inequality of the tides, if we 
endeavour to discover the laws of other Inequalities by 
moans of curves, we must take from theory the sug- 
gestion that the Arguments of such inequalities will 
probably he the parallax and the deeliriation of the 
moon. This suggestion again is confirmed by trial; 
but if we were supposed to be entirely ignorant of the 
dependence of the changes of the tide on the Distance 
and Deuhnation of the moon, the curves would exhibit 
iminteUigible and seemingly capricious changes. For 
by the effect of the Inequality arising fi-om the Paral- 
lax, the convexities of IJiq cuiTes which belong to the 
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spring tides, are in aome yeara made alternately greater 
and leas all the year through; while in other yeara 
they are made all nearly equal. Thia difference does 
not betray its origin, till we refer it to the Parallax; 
and the same difGculty in proceeding would arise if we 
were ignorant that the moon's Declination ia one of the 
Ai^nments of tidal changes. 

In like manner, if we try to reduce to law any me- 
teorological ehanges, those of the Height of the Baro- 
meter for instance, we find that we can make little 
progress in the investigation, precisely because we do 
not know the Argument on which these changes de- 
pend. That there is a certain regidar dittmal change 
of small amount, we know ; but when we have abstracted 
thia Inequahty, (of which the Ai-gument is the time of 
dai/,) we find &t greater Changes left behind, irom day 
to day and from, hour to hour ; and we express these 
in curves, but we cannot reduce them to Rule, because 
we cannot discover on what numerical quantity they 
depend. The assiduous study of barometrical observa- 
tions, thrown into curves, may perhaps hereafter point 
out to us what ai'e the relations of time and space by 
which these variations are determined; but in the 
mean time, this subject exemplifies to us our remark, 
that the method of curves is of comparatively small 
use, so long as we are in ignorance of the real Argu- 
ments of the Inequalities. 

6. (LI.) In the next place, I remark that a diffi- 
culty ia tlu-own in the. way of the Method of Curves by 
the Combination of several laics one with another. It 
will readily be seen that snch a cause will produce a 
oomplexity in the curves which exhibit the succession 
of facta. If, for example, we take the case of the Tides, 
i>he Height of high water increases and diminishes with 
the Approach of the sun to, and its Becess from, the 
syzygiea of the moon. Again, this Height increases 
and diminishes as the moon's Parallax increases and 
diminishes; and again, the Height diminishes when 
the Declination increases, and moe versa; and all these 
Ai'guments of change, the Distance from. Syzygy, the 
Pai-allax, the Declination, complete thek circuit and 
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return into themselves in different perioda Hence 
the ouEve which represents the Height of high water 
has not any periodical interval in which it completea 
its uhanges and commences a new cycle. The sinuosity 
which would arise from each laequality separately 
considered, interferes with, disguises, and conceals the 
others; and when we first cast our eyes on the curve 
of observation, it is very far from offering any obvious 
regularity in its form. And it ia to he obstnrred that 
we have not yet enumerated all the elements of this 
complexity : for there are changes of the tide depend- 
ing upon the Parallax and Declination of the Sun as 
well as of the Moon. Again; besides these changes, of 
which the Atpiments are obvious, there are others, as 
thoee depending upon the Barometer and the Wind, 
which follow no known regular law, and which con- 
stantly affect and disturb the results produced by other 

In the Tides, and in like manner in the motions of 
the Moon, we have very eminent examples of the way 
in which the discovery of taws may be rendered diffi- 
cult by the number of laws which operate to affect the 
same quantity. In such cases, the Inequalities are 
generally picked out in succession, nearly in the order 
of their magnitudes. la this way there were succes- 
aively collected, from the study of the Moon's motions 
by a series of astronomers, those Inequalities which we 
term the Equation, of the Center, the Evection, the 
Variaiion, and the Annual Equation. These Ineqoa- 
litiea were not, in fact, obtained by the application of 
the Method of Curves; but the Method of Curves 
might have been applied to such a, case with great ad- 
vantage. The Method has been applied with great 
industry and with remai-kable success to the investiga- 
tion of the laws of the Tides; and by the use of it, 
a aeries of Inequalities both of the Times and of the 
Heights of high water has been detected, which explain 
all the main features of the observed fiicts. 
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7. The Method of Curves, as ve have endeavoured 
to explain above, frees ua from the casual and estra^ 
neou3 irregularities which arise from the imperfection 
of observation; and thua lays bare the reaulta of the 
laws which really operate, and enables us to proceed in 
search of those laws. But fie Method of Curves is 
not the only one which effects such a purposa The 
errours arising from, detached observations may be got 
rid of, and the additional accuracy which multiplied 
observations give may be obtained, by operations upon 
the observed numbers, without expressing them by 
spaces. The process of curves assumes that the errours 
of observation balance each other ; — that the accidental 
excesses and defects are nearly equal in amount ; — that 
the true quantities which would have been observed 
if aU accidental causes of irregularity were removed, 
are obtained, exactly or nearly, by selecting quantities, 
upon the whole, equally distant from the extremes of 
great and small, which our imperfect observations offer 
to us. But when, among a number of unequal quan- 
tities, we take a quantity equally distant from the 
greater and the smaller, this quantity is termed the 
Mean of the unequal quantities. Hence the coirection 
of our observations by the metliod of curves consists in 
taking the Mean of the observations. 

8. Now without employing curves, we may proceed 
arithmetically to take the Mean of all the observed 
numbeis of each class. Thus, if we wished to know 
the Height of the spring tide at a given place, and if 
we found that four different spring tides were mea- 
sured as being of the height of ten, thirteen, eleven, 
and fourteen feet, we should conclude that the true 
height of the tide was the Mean of these numbers, — - 
namely, twelve feet; and we shoiUd suppose tliat the 
deviation from this height, in the individual cases, 
arose from the accidents of weather, the imperfections 
of observation, or the operation of other laws, besides 
the alternation of spring and neap tides. 

U— 2 



■rORMATION OF SCIENCE. 



assemblage rS ^^^M 
discovering, ^^^| 



This process of finding the Mean of an 
observed, ntunbers is mucii practised i 
and still more in .confirming and correcting, lawi 
phenomena. We shall notice a few of its pecnliarities. 

9. The Method of Means requires a knowledge of 
the ArgiiTiient of the clianges which we would study; 
for the numbers must be arranged in cei-tain Olasses, 
before we find the Mean of each Oasa ; and the prin- 
ciple on which this arrangement depends is the Argu- 
ment. This knowledge of the Argument is more in- 
dispensably necessary in the Method of Means than in. 
the Method of Curves ; for when Curves aj-e drawn, the 
eye often spontaneously detects the law of recurrence in 
their sinuosities; but when we have collections of 
lumbers, we must divide them into classes by a selec- 
tion of our own. Thus, in order to discover the law 
which the heights of the tide follow, in the progress 
from spring to neap, we anange the observed tides 
according to the day of ilw, moon's age; and we then 1 
take the mean of all those which thus happen at the J 
sa/me period of the Moon's Revolution. In this manner J 
we obtain the law which we seek; and the process itf'l 
very nearly the same in all other applications of thini 
Method of Means. In all cases, we begin by assuming V 
the Classes of measures which we wish to compare, tha | 
Law which we could confirm or correct, the Formula 1 
of which we would determine the coefficients. 

10. The Argument being thus assumed, the Method I 
of Means is very efficacious in ridding our inquiry of 1 
eiTours and irregularities which would impede and [lep- | 
plex it. Irregularities which are altogether accidental, I 
or at least accidental with reference to some law which 
■we have under consideration, compensate each other in 

a very remarkable way, when, we take the Means of 
maaiy observations. If we have before us a collection 
of observed tides, some of them may be elevated, some 
depressed by the wind, some noted too high and some 
too low by the observer, some augmented and sorae 
diminished by uncontemplated changes in the moon's 
distance or motion; but in the course of a year or two 
at the longest, all these causes of irregularity balanoa ] 
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each other; and the law of Buccession, which runs 
through the obaervationa, comee out as precisely as if 
those disturbing influencea did not exiat. In any par- 
ticular case, there appears to be do posaible reaaon why 
the deviation should be in one way, or of one moderate 
amount, rather than another. But taking the mass of 
observatioBB together, the dcTiationa in opposite ways 
will be of equal amount, with a degree of exactness 
very Btrildng. This ia found to be the case in all in- 
quiries where we have to deal with observed nninhera 
upon a large scale. In the progress of the population 
of a country, for instance, what can appear more incon- 
stant, in detail, tban the causes which produce biiths 
and deaths! yet in each country, and even in each 
province of a country, the proportions of the whole 
numbers of births and deaths remain nearly constant. 
What can be more seemingly beyond the reach of rule 
than the occasions which produce letters that cannot 
find their dcBtinationl yet it appears that the number 
of ' dead letters' is nearly the same from year to year. 
And the same is the result when the deviations arise, 
not from mere accident, hut from laws perfectly regu- 
lar, though not contemplated in oor investigation'. 
Thus the efl'ects of the Moon's Parallax upon the Tides, 
sometimes operating one way and sometimes another, 
according to certain rules, are quit« eliminated by 
taking the Means of a long series of observations ; the 
excesses and defects neutralizing each other, bo far afl 
concerns the effect upon any law of the tides which we 
would investigate. 

II. In order to obtiun very great accuracy, very 
large maases of observations are often employed by 
philosophera, and the accuracy of the result increases 
with the multitude of observations. The immense col- 
lections of astronomical observations which have in 
this manner been employed in order to form and cor- 
rect the Tables of the celestial motions are perhaps 
the most signal instances of the attempts to obtain 
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accamcy by this accumulation of obaeryfttiona. Delam- 
bre's Tiibles of the Sim are founded u]>oii nearly 300a .{ 
observationa; Burg's Tablea of the Moon upon abova I 

But there are other instances hardly less remark- J 
able. Mr. Lubbock's lirst investigations of the lawa ot J 
the tidea of London', included above 13,000 observa* I 
tiona, extending thi'ough nineteen years; it being ocm^ J 
sidered that this lai^e number was necessary to rei 
the effects of accidental causes^ And the attempts 
to discover the lawa of change in the barometer have 
led to the performance of labours of equal amount; 
Laplace and Bouvard examined this question by means 
of observations made at the Observatory of Paris, four 
times every day for eight years. 

12. We may remark one striking evidence of the 
accurtioy thus obtained by employing large masses of 
obBervations. In this way we may often detect inequa- 
lities much smaller than the errours by which they are 
encumbered and concealed. Thus the Diurnal Oscilla- 
tions of the Barometer were discovered by the com- 
parifion of observations of many days, classified accord- 
ing to the hours of the day; and the result was a clear 
and incontestable proof of the existence of such oaciUa- 
tions, although the differences which these oscillations 
produce at different hours of the day are far smaller 
than the casual changes, hitherto reduced to no law, 
which go on fi-om hour to hour and from day to day. 
The effect of law, operating incessantly and steadily, 
makes itself more and more felt as we give it a longer 
range; while the effect of accident, followed out in the 
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same manner, is to annihilate itself, and to disappear 
altogether from the result. 



Bect. III. — The Method of Least 

13. The Method of Least Squares is in fact a 
method of means, but with some peculiar characters. 
Its object is to determiDe the heat Mean, of a number 
of observed quantities; or the inosi probable Law 
derived from a number of observations, of which some, 
or all, are allowed to be more or less imperfect. And 
tbe method proceeds upon thia supposition ; — that all 
errours axe not equaily probable, but that small 
errours are more probable than large ones. By rea- 
soning mathematically upon this ground, we find that 
the best result is obtained (since we cannot obtain a 
result in which the errours vanish) by making, not the 
Errourg themselves, but the Swm. of t/ieir Squares of 
the smallest possible amount. 

14. An example may illustrate this. Let a quan- 
tity which is known to increase imiformly, {as the dis- 
tance of a star from the meridian at successive in- 
stants,) be measured at equal intervals of time, and ba 
found to be successively 4, 12, 14, It is plain, upon 
the face of these observations, that they are erroneous; 
for they ought to form an arithmetical progression, but 
they deviate widely from such a progression. But the 
question then occurs, what arithmetical progression do 
they Jrtosi probably represent : for we may assume 
several arithmetical progressions which more or leas 
approach the observed series; as for instance, these 
three; 4, 9, 14; 6, 10, 14; 5, 10, 15. Now in order 
to see the claims of each of these to the truth, we may 
tabulate them thus. 

Observation 



Series (1 



Here, although the first series gives thq sum of the 
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erroTira leas than the others, the third aeriea givea the 
Bum of the squares of the en-ours least; and is there- 
fore, hy the proposition on which this Method depends, 
the nhogt probable aeriea of the three. 

This Method, in more extensive and complex cases, 
is a great aid to the calcvdator in his inferences from 
facts, and removes much that is arbitrary in the Methods I 



Sect. \Y.—The Method o/Eeaidues. 

ig. By either of the preceding Methods we ohtaii^ I 
from observed iacts, such Laws as readily offer them- J 
selves; and by the Laws thus discovered, the most pro-1 
minent changes of the observed quantities are aocouubed J 
for. But ia many cases we have, as we hare noticed 
already, several Laws of nature operating at the same 
time, and combining their influences to modify those 
quantities which are the subjects of observation. In 
these cases we may, by successive applications of the 
Methods already pointed out, detect such Laws one 
after another : but this successive process, though only 
a repetition of what we have alr^dy described, offers 
some peculiar features which make it convenient to 
consider it in a separate Section, as the Method of 



i6. When we have, in a series 
a variable quantity, discovered tme Law which the 
changes foUow, detected its Argument, and determined 
its Magnitude, so as to explain most cleai'ly the course 
of observed facta, we may still find that the observed 
changes are not fully accounted for. Wlien w 
pare the results of our Law with the observation^ J 
there may be a difference, or hs wo may term it, at 1 
Resiiiue, still unexplained. But this Residue being C 
thus detached from the rest, may be examined and I 
scrutinized in the same manner as the whole o' 
quantity was treated at first ; and we may in this way I 
detect in it also a Law of change. If we can do this, 1 
we must accommodate this new found Law as nearly I 
DB possible to the Eesidue to which it belongs; and 1 
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this being done, the difference of our Kule and of the 
ReBidue itaelf, forms a Second Residue. This Second 
Residue we may again bring under our consideration; 
and may perhaps in it also discover some Law of change 
by which its alterations may be in some measiare ac- 
counted for. K this can be done, bo as to account for 
a large portion of this Residue, the remaining unex- 
plained part forma a Third Residue; and so on. 

17. This course has really been followed in Tarious 
inquiries, especially in those of Astronomy and Tido- 
logy. The Equation of t/ie Center, for the Moon, was 
obtained out of the Residue of the Longitude, which 
remained when the Mean Anomali/ was taken away. 
This Equation being appLed and disposed of, the Second 
Residue thus obtained, gave to Ptolemy the Evedion, 
The Third Residue, left by the Equation of the Center 
and the Evection, supplied to Tycho the Variation 
and the Annual EqiwUion. And the Residue, remain- 
ing from these, has been exhausted by other Equations, 
of various arguments, sn^ested by theory or by obser- 
vation. In this case, the successive genei-ations of 
astronomers have gone on, each in its turn executing 
some step in this Method of Residues. In the exami- 
nation of the Tides, on the other hand, this method 
has been applied systematically and at once. The 
observations readily gave the Semintensual Inequality; 
the Residue of this supplied the corrections due to the 
Moon's Parallax and Declination; and when these 
were determined, the remaining Residue was explored 
for the law of the Solar Correction. 

18. In a certain degree, the Method of Residues and 
the Method of Means are opposite to each other. For 
the Method of Residues extricates Laws from their 
combination, bringing t!iem into viem in succession; 
while the Method of Means discovers each Law, not by 
bringing the others into view, but by destroying their 
effect throiigh an accumulation of observations. By 
the Method of Residues we shoiild first extract the 
Law of the Parallax Correction of the Tides, and tlten, 
from the Residue left by this, obtain the Declination 
Correction. But we might at once employ the Method 
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ran the caeee ia «Iiidi Oe 
■e; not allowiag for the FhbI- 
Isx in ad> oh^ bat takn^ Sat gnnted Aat tlw 
X^KsOsxcs hAjBffoe to tlie wdd De(£sftt>afi woald 
Bentnlize neh (Alicr ; as rnanj laDii^ sImtb as Uov 
tl>e mean Parallax. In cases Uke this, vhere the 
UeUiod of Means is not impeded hj a partial eonci- 
dence uf the Aigomenta of difierent imlaiawn Ineqvar 
lities, it maj' be employed with almost as much BooceB 
as the Method of Bemdoes. Bat still, 'when the AijV' 
ments of the Iawb are clearij known, as in this in- 
stance, the Method of Kesidues is more clear aad 
direct, and b the rather to he recommended. 

19. If S:t example, we wish to learn whether the 
Hfflght of the Barometer exerts any GeueiUe influence 
on the Height of the Sea's Surface, it would appear 
that the most aatiafactory mode of proceeding, mnst be 
to Bubtract, in the first )>lace, what we know to bo the 
effects of the Moon's Age, Parallax and Decliuation, 
and other aHCerUincd causes of change ; and to search 
in the wnexplairted Eesidue for the effects of barome- 
trical pressnra The contrary course has, howevea-, 
been adopted, and the effect of the Barometer on the 
ocean ha^ been inv^tigated by the direct applicatitm., 
of the Method of Means, classing the observed heightfej 
of the water according to the corresponding heights 
tiio Baroueter without any previous reduction, 
this manncT, the suspicion that the tide of the sea 
affected by the presaiire of the atmoi^pbere, bas been 
confirmeil. Thta inveatigation must be looked upon 
as a remarkable instance of the efficacy of the Method 
of Means, since the amount of the barometrical effect 
is much smaller than the other changes &om among 
which it was by this process extricat«d. But an appli^ 
cation of the Method of Eesidues would still be desi- 
rable on a subject of such extent and difficulty. 

20. Sir John Herschel, in his Diseowne on th« 
Study 0/ NaiuTal FMloaophy (Articles 158 — 161), has 
jjotnted out the mode of making discoveries by study- 
ing Keaidual Phonomeiia; and has given several illus- 
trations of the process. In some of these, he has also 
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considered this method in a wider sense than we have 
done; treating it as not applicable to quantity only, 
but to properties and relations of different kinds. 

We likewise shall proceed to offer a few remarks on 
Methods of Induction applicable to other relations than 
those of quantity. 



CHAFTEB TUL 
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ApBOBISX yT.TT. 
The Law of Coothmity it lUt. — tiat 
pfu* from one euatmnt to amotlter by aay cfto^ «f a 
tioat, vntlu/ut jKUUtig (Jtrtmyli all imia mmHalt HO^MibiriH 



> tke mtemadiaU eonSlions. TJUt £m» • 
oftta b« employ to ditprove dittiiutioiu lekidk Aoc* ■ 



Aphobisu L. 

The Method of Gradation eoiuuti in lakng a ■ 
itaget of a property i» qtiettion, intermediate i 

txtreme eate» u-hieh appear to be different. TkU J 

employed to determine whether the extreme eatte tM* n 
di*tinet or not 

Aphokibh LI. 

T?u Method of Oradation, applied to decide the ^ 
tohether the existing geological phenomena arise Jrom ei 
eaiuet, tead$ to thit result : — That the phenomena do a 
to arise from Existing Cau*es,bKl that the aelion of ex 
causes maij, in past limes, have trantgretsed, to anyei 
their recorded limits of intensiiy. 

ApHORisii LIT. 
The Method of Natural ClaBsifi cation ct 
eases, wit aeeording to any asEumed Definite 
to the eonnoi-ion of the facts themselves, so 
the meaTU of asserting general trtillis. 



Sect. I.~TAe Law of 

1. rriHE Law of Continuity is applicable to quantity 
X primarily, and therefore might be associated 
with the methods treated of in the last chapter i but 
inasmuch as its inferences are made by a transition from 
one degree to another among oontiguoua cases, it will 
be found to belong more properly to the Methods of 
Induction of which we have now to apeak. 

The Law of Continuity consists in this proposition, 
— That a quantity cannot pass tirom one amount to 
another by any chjinge of conditions, without passing 
through all intermediate degrees of magnitude accord- 
ing to the intermediate conditions. And this law may 
often be employed to correct inaccurate inductions, 
and to reject distinctions which have no real foundar 
tion in nature. For example, the Aristotelians made 
a distinction between motions according to nature, (as 
that of a body foiling vertically downwards,) and mo- 
tions contrary to nature, (as that of a body moving 
along a horizontal plane ;} the former, they held, becanm 
naturally quicker and quicker, the latter naturally 
slower and slower. But to this it ought be replied, 
that a horizontal line may pass, by gradual motion, 
through various inclined positions, to a vertical posi- 
tion : and thus the retarded motion may pass into the 
accelerated; and hence there must be some inclined 
plane on which the motion downwards is naturally 
uniform: which is false, and therefore the distinction 
of such kinds of motion is unfounded. Again, the 
proof of the Krst Law of Motion depends upon the 
Law of Continuity : for since, by diminishing the re- 
sistance to a body moving on a horizontal plane, we 
diminish the retardation, and this without limit, the 
law of continuity will bring us at the same time to 
the case of no resistance and to the case of no re- 
tardation, 

2. The Law of Continuity is asserted by Galileo 
in a particular application; and the assertion which it 




dcpWB of iduotf. TUb lav,' krwvnr, was fint ■■- 
■ertod in « aiare gwiCTal aad ahakxaet fiaa tij Lab- 
mti* : nd VM ea^iojed I7 Uai to ikov Aat tbe Ins 
cfMotiMpwpoandrflirDeaeMteamwibB&ha. The 
Third Oartedan I«ir of Motiaa was thw*: that vhn 
one mowing bodj- aeeta another, if the fint bo^ hsc» 
- a t^B tlw aeeond, it wiD 1 - - - 
: bnt if the fint 1 
I than tike aeeond, it wiD faaa 
BMtiaB, wludi it irill tnufcr to the a 
cndt of tboe caan lead^ It the I«w of C 
the eaae in wUdi tte two bodies faa*« egMof n 
tnnia: but in this cme^ bj the fint part of the kv 
bodjr voold niom off its motioii; and by tiwH 
part of the law it would lom a poxlion of tt : ' 
Carterian Iaw is &l3e. 

3. I shall take another example of tiie ^iplicatioa 
of this I^w from Professor Flaybir's DissertadoD on 
the History of Mathematical and Phraical Sdeuce*. 
' The Academj of Snences at Paris having (in 1724) 
proposed, as a Prise Qoesdon, the Investigatioa of the 
LawB of the ComniauicatiQn of Motion, John Bemonlli 
presented an Ekaj on the subject very ingenioos and 
profound; ia wbidu however, he denied the existence 
of hard bodien, because in the coUi^on of snch bodies, 
a finite cliauge of motion must take place in an instant : 
an ereat which, on the principle just explained, he 
maintained to be intpossiLle.' And this reasoning 
was justifiable : for we can form a cxmtiaaotis transit 
tion from esses in which the impact manifestlj' occu- 
pies a finite time, (as when we etiike a large 9ofl 
body) to cases in which it is apjmrently instantaneons. 
Maclanrin and others are disposed, in order to avoid 
the conclusion of Bernoulli, to reject the Law of Con- 
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tinuity. This, however, would not only be, aa Piayfair 
says, to deprive ouraelvea of an auxiliary, commonly 
usefiil though, sometimea deceptive; but what is much 
worse, to acquiesce in felae propositions, Scorn the want 
of clear and patient thinfcmg. For the Law of Con- 
tinuity, when rightly iaterpreted, is Jiever violated in 
actual fact. There are not really any auch bodies as 
have been termed ferfeetly lia/rd: and if we approach 
towards such cases, we must learn the laws of motion 
which rule them by attending to the Law of Con- 
tinuity, not by rejecting it. 

4. Newton used the law of Continuity to suggest, 
but not to prove, the doctrine of universal gravitation. 
Let, he said, a terrestrial body be carried as high as 
the moon ; will it not still fall to the earth i and does 
not the moon fell by the same force ' ! Again ; if any 
one says that there is a material ether which does not 
gravitate', this kind of matter, by condensation, may 
be gradually transmuted to the density of the most 
intensely gravitating bodies : and these gravitating 
bodies, by taking the internal textm-e of the condensed 
ether, may cease to gravitate; and thus the weight of 
bodies depends, not on their q^uantity of matter, but 
on. their texture; which doctrine Newton conceived he 
had disproved by experiment. 

5. The evidence of the Law of Continuity resides 
in the universahty of those Ideas, which enter into 
our apprehension of Laws of Nature. When, of two 
quantities, one depends upon the other, the Law of 
Continuity necessarily governs this dependence. Every 
philosopher has the power of applying this law, in pro- 
portion as he has the faculty of apprehending the Ideas 
which he employs in bia induction, with the same 
clearness and steadiness which belong to the funda^ 
mental ideas of Quantity, Space and Number. To tlioso 
who possess this fiiculty, the Law is a Rule of very wide 
and decisive application. Its use, aa has appeared in the 
above examples, is seen rather in the disproof of errone- 
ous views, and in the correction of felse propositions, 
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than in the invention of new truths. It is 
troth, rather than an instrument of discovei 

Methods, however, appro&ching veiy near to tie 
Law of Continuity may be employed as positive means 
of obtaining new truths; and these I shall now de- 
scribe. 

Sect. U.—Tke Metlmd of GradaHon. 

6. To gather together the cases which resemble 
each other, and to separate those which, are esaentiaJlj 
distinct, has often been described as the main business 
of science; and may, in a certain loose and vagne 
manner of speakiag, pass for a description of some of 
the leading procedures in the acquirement of know- 
ledge. The selection of instances which agree, and of 
inatsncea which differ, in some prominent point or 
property, are important steps in the formation of 
science. But when classes of things and properties 
have been established in virtue of such comparisons, it 
may still be doubtful whether these classes are sepa- 
rated by distinctions of opposites, or by differencea of 
degree. And to settle such questions, the Met/tod <tf-^ 
Gradation is employed; which consists in taking iotei^i 
mediate stages of the properties in qnestit 
ascertain by experiment whether, in the tranatiou." 
from one class to another, we have to leap 
manifest gap, or to follow a continuous road. 

7. Thus for instance, one of the early J>ivisiima,' 
established by electrical philosophers was that of Elec- 
trics and Gonduotora. But this division Dr. Paraday 
has overturned as an essential opposition. He takes' a 
Gradation which carries him fiwrn Conductors to Non- 
conductors. Sulphur, or Lac, he says, are held to be 
non-conductors, but aro not rigorously so. Spermaceti 
is a bad conductor : ice or water hotter than sperma- 
ceti: metals so much better that they are put 
different class. Sut even in metals the transit of ths 
electricity is not instantaneous: we have in them pi 
of a retardation of the electric current: 'and what) 
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reason," Mr. Faraday aaks, "why this refcirdation 
should not be of the same kind as tliat in spermaceti, 
or in lac, or sulphurl But as, in them, retardation is 
insulation, [and insulation is induction^] why should 
■we refuse the same relation to the same exhibitions of 
force in the metals!" 

The process employed by the same sagacious philo- 
sopher to show the tdsniUy of Voltaic and Franklinic 
eleotrieity, is another example of the same kind". Ma- 
chine [Franfeliuic] electricity was made to exhibit the 
same phenomena as Voltaic electricity, by causing the 
discharge to pass through a bad conductor, into a very 
extensive discharging thdn ; and thus it was clearly 
shown that Franklinic electricity, not so conducted, 
differs from the other kinds, only in being in a state 
of snccessivo tension and explosion instead of a state 
of continued cmrent. 

Again; to show that the decomposition of bodies in 
the Voltaic circuit was not due to Uie Attraction of the 
Poles'", Mr. Faraday devised a beautiful series of expe- 
riments, in which these supposed Polm were made to 
assume all possible electrical conditions : — in some cases 
the decomposition took place against air, which accord- 
ing to common language is not a conductor, cor is de- 
composed ;^ — in others, against the TO.etallic poles, which 
are excellent conductors but nu decomposable ; — and so 
on: and hence he infere that the decomposition cannot 
justly be considered as d«e to the Atti'action, or At- 
tractive Powers, of the Poles. 

8. The reader of the lifovwm, Organon may perhaps, 
in looking at such examples of the Rule, be reminded 
of some of Bacon's Classes of Instances, as his in- 
ttanticB abaenlicE in promnio, and his inslantus m,i- 
grantea. But we may reniM'k that Instances classed 
and treated as Bacon recommends in those parts of 
his work, could hardly lead to scientific truth. His 
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processes are Titiated by his proposing to Mmaelf the 
form or eoMsa of the property before him, as the object 
of his inqimy ; instead of being content to obtain, in 
the first place, the Ima of plKTUmtena. Thus hia ex- 
ample" of a Migrating Instance is thus given. " Let 
the Ifattirehtquiredinlo be that of Whiteness; an In- 
stance Migrating to the piwluction of this property is 
glass, first whole, and then pulverized; or plain, -water, 
and water agitated into a foam ; for glass and water 
are tranxpareot, and not white ; but glass powder and 
foam are white, and not transparent. Hence we must 
inquire what has happened to the glass or -water in 
that Migi-ation. For it is plain that the Form of 
W/iUenese is conveyed and induced by the crushing 
of the gla^ and shaking of the water." No real 
knowledge has resulted from this line of I'easonlng: — 
from taking the Natm-ea and Forma of things and of 
their qualities for the primary subject of our re- 
searches. 

9. We may easily give examples from otiier Bub- 
jects in which the Method of Gradation has been used 
to establish, or to endeavour to establish, very eztmr 
sive propositions. Thus Laplace's Nebular Hypothe- 
sis, — that systems like our solar system are formed by 
gradual condensation from diiFused masses, such as the 
nebulie among the stars, — is founded by him upon an 
application of this Method of Gradation. We see. La 
conceives, among these nebulfe, instances of all degrees 
of condensation, from the most loosely difEiiaed fluids 
to that separation and solidification of parts by which 
suns, and satellites, and planets are formed : and thus 
we have before us instances of systems in all their 
stages; as in a forest we see trees in every period o£ 
growth. Kow far the examples in this case satiafy the 
demands of the Method of Gradation, it remains for 
astronomers and philosophers to examine. 

Again; this method waa used with great snccesa by 
Macculloch and others to refute the opinion, put in 
currency by the Wemeriaa school of geolo^^stB, that 



the roots called trap rockg must be classed with those 
to which a sedimentary origin is ascribed. For it ■was 
shown that a gradual trwnsitiiyn might bo traced from 
those examples in. which trap rocks most resembled 
stratified rocks, to the lavas which have been recently 
ejected from volcanoes : and that it was impossible to 
asaiga a different origin to one portioo, and to the 
other, of this kind of mineral masses; and as the 
volcanic rocks were certainly not sedimentary, it fol- 
lowed, that the trap rocks were not of that nature. 

Again; we have an attempt of a still larger kind 
made by Sir C. Lyell, to apply this Method of Gradation 
so as to disprove all distinction between the causes by 
which geological phenomena have been produced, and 
the causes which are now acting at the earth's surface. 
He has collected a very remarkable series of changes 
which have taken place, and are still taking place, by 
the action of water, volcanoes, earthquakes, and other 
terrestrial operations; and he conceives he has shown 
in these a gradation which leads, with no wide chasni 
or violent leap, to the state of things of which geologi- 
cal researches have supplied the evidence. 

lo. Of the value of this Method in geological specu- 
lations, no doubt can be entertained. Yet it must still 
require a grave and profotmd oonsideration, in so vast 
an application of the Method as that attempted by 
Sir C. LyeU, to determine what extent we may allow to 
the steps of oar gradation; and to decide how far the 
changes which have taken place in distant parts of the 
series may exceed those of which we have historical 
knowlecige, without ceasing to be of the tanie kind. 
Those who, dwolhng in a city, see, from time to time, 
one house built and another pulled down, may say that 
such eaiieting causeg, operating through past time, sufh- 
ciently explain the existing condition of the city. Tet 
we arrive at important political and historical truths, 
by considering the origin, of a city as an event of a di/- 
ferent order from those daily changes. The causes 
which are now working to produce geological results, 
may be supposed to have been, at some former epoch, 
BO far exaggerated in their operation, that the changes 
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should be paroxyams, not degrees ;— that they fihcmld 
violate, not continue, the gradual aeries. And we 
have BO kind of evidence whether the duration of our 
historical timea is sufficient to give us a just measure 
of the limits of such degrees j^whether the terms 
which we have under our notice enable us to asoertain 
the average rate of progression. 

11. The result of such considerations seeniB to he 
this;— that we may apply the Method of Gradatioii in 
the investigation of geological causes, provided W6 i 
leave the Limits of the Gradation undefined. BtA, i 
then, this is equivalent to the admission of the oppositft>fl 
hypothesis : for a continuity of which the succes 
intervals are not limited, is not distinguishable i 
discontinuity. The geological secta of recent tim 
have been distinguished as unifoTmitariana and c 
etrophisls : the Method of Gradation seeniB to prove tl 
doctrine of the uniform itarians ; but then, at the sac 
time that it does this, it breaks down the diatinctiiHi^ 
between them and the cataatrophists. 

There are other exemplifications of the use of g 
tions in Science which well deseive notice; bat somJ 
of them are of a kind somewhat different, and may b 
considered under a separate head. 

Sect. III. JVie Method of Natural ClasaificaHon, 

1 2. The Method of Natural Classification constats, a 
we have seen, in grouping together objects, not accoid 
ing to any selected properties, but according to thedi 
most important pesemblancea ; and in combining sad, 
grouping with the assignation of certain marks of the' 
classes thus formed. The examples of the saccessfnl 
application of this method are to be found in the 
Classificatory Sciences through their whole extent; aa, 
for example, in framing the Genera of plant* and ani- 
maJa. The same method, however, may often be ex- 
tended to other sciences. Thus the classification of 
Crystalline Forms, according to their Degree of Sym- 
metiy, (which is really an important distinction,) a; in- 
troduced byMoha and Weiss, was a great improvement 
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upon Haiiy'a arbitrary diviaion according to certain 
assumed primary forms. Sir David Brewster was led 
to the same diatinction of crystals by the study of 
their optical properties; and the scientific value of the 
classification was thus strongly exhibited. Mr. How- 
ard's classification of Clouds appears to be founded in 
their real nature, since it enables him to express the 
laws of their changes and successions. As we have 
elsewhere said, the criterion of a true classification is, 
that it makes general propositions possible. One of 
the most prominent examples of the beneficial infln- 
ence of a right classification, is to be seen in the 
impulse given to geology by the distinction of strata 
according to the organic fossils which they contain"; 
which, ever since its general adoption, has been a lead- 
ing principle in the speculations of geologists. 

13. The mode in which, in this and in other cases, 
the Method of Natural Classification directs the re- 
searches of the philosopher, is this : — his arrangement 
being adopted, at least as an instrument of inquiry and 
trial, he foUows the course of the different members of 
the classification, according to the guidance which Na- 
ture herself oifers; not prescribing beforehand the 
marks of each part, but distributing the fiicts accord- 
ing to the total resemblances, or according to those 
resemblances which he finds to be most important. 
Thus, in tracing the course of a series of strata from 
place to place, we identify each stratum, not by any 
single character, but by all taken together;— texture, 
colour, fossils, position, and any other circumstances 
which ofier themselves. And if, by this means, we 
come to ambiguous cases, where different indications 
appear to point different ways, we decide so as best to 
preserve undamaged those general relations and truths 
which constitute the value of our system. Thus 
although we consider the organic fossils in each stra- 
tum as its most important characteristic, we are not 
prevented, by the disappearance of some fossils, or the 
addition of others, or by the total absence of fosaila. 
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from identifying strata in distant coiintries, if the posi- 
tion and other circumstancis authorize iiB to do ea 
And by this Method of Clitaaification, the doctrine of 
Oeologieal Equivtdenta''' has been applied to a great 
part of Europe, 

14. We may further obaerre, that the same method 
of natural classification which thus enables us to iden- 
tify strata in remote situations, notwithatandiug that 
there may be great differences in their material and 
contents, also forbids us to asMume the identity of the 
series of rocks which occur in different countries, "when 
this identity has not been verified by such a continu- 
ous exploration of the component members of the 
series. It would be in the liighest degree imphUoso- 
phical to apply the special names of the English or 
German strata to the rocks of India, or America, or 
even of southern Europe, tUl it has appeared that in 
those countries the geological series of northern Europe 
really exists. In each separate country, the divjsiofla 
of the formations which compose the crust of the 
earth must be made out, by applying the Method of 
Natural Arrangement to that particular case, and not 
by arbitrarily extending to it the nomenclature belong- 
ing to another case. It is only by snch precautions, 
that we can ever succeed in obtaining geological propo- 
sitions, at the same time true and comprehensive ; or 
can obtain any somid general views respecting the 
physical history of the earth. 

15. The Method of Natural Classification, which 
we thus recommend, &IIs in with those mental habits 
which we formerly described as resulting from the 
studyof Natural History, The method was then termed 
the Method of Type, and was put in opposition to tfas 
Method 0/ Sejmiliort. 

The Method of Natural CLisaification ia direcQf 
opposed to the process in which we assume and applj 
arbitrary definitions; for in the foimer Method, ttb 
find our classes in nature, and do not make them \sj 
marks of our own imposition. Nor can any advantage 
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to tho progress of knowledge te procured, by laying 
down our characterB when our arrangements are as yet 
quite loose and unformed. Nothing was gained by 
the attempts to define Metala by their weight, their 
hardness, their ductility, their colour; for to all these 
marks, ae fast aa they were proposed, escaptionB were 
found, among bodies which still could not he ex- 
cluded from the list of Metab. It was only when 
elementary substances were divided into Natural 
Classes, of which classes Metals were one, that a true 
view of their distinctive characters was obtained. Defi- 
nitions in the outset of our exajnination of nature are 
almost always, not only useless, but prejudicial. 

16. When we obtain a Law of Nature by induction 
from phenomena, it commonly happens, as we have 
already seen, that we introduce, at the same time, a 
Proposition and a Definition. In this ease, the two 
are correlative, each giving a real value to the other. 
In such cases, also, the Definition, as well as the Pro- 
position, may become the basis of rigorous reasoning, 
and may lead to a series of deductive truths. We have 
examples of such Definitions and Propositions in the 
Laws of Motion, and in many other cases. 

17, When we have established Natural Classes of 
objects, we seek for Characters of our classes; and 
these Characters may, to a certain extent, be called tho 
Dejinitjona of our classes. This is to be understood, 
however, only in a limited sense ; for these Definitions 
are not absolute and permanent. They are liable to 
bo modified and superseded. If we find a case which 
manifestly belongs to our Natural Class, though vio- 
lating our Definition, we do not abut out the case, bat 
alter our definition. Thus, when we have made it 
part of our Definition of the Roae family, that they 
have alternate stipulate leaves, we do not, theretbre> 
exclude from the iamily the genua Lmeaa, which has 
no glipulie. In Natural Classifications, our Defini- 
tions are to be considered as temporary and provi- 
sional only. When Sir C, Lyell established the distinc- 
tions of the tertiary strata, which he termed Eoceiie, 
-iliocene, and Pliocene, he took a numerical criterion 
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(the proportion of recent species of eliells coutamed in 
those strata) as the basis of his division. But now 
that those kinds of strata have become, by their appli- 
cation to a great Tarietj of cases, a series of Natiusl 
Clasaea, we must, in our researches, keep in, view the 
natur&l connexion of the formations themselves in dif- 
ferent places; and must by uo meana allow ourselvM 
to be governed by the numerical proportions which 
were originally contemplated; or even by any ameDded 
numerical criterion equally arbitrary; for however 
amended, Definitions in natm'al history are never imr 
mortal The etymologies of Pliocem and Miocthe 
may, hereafter, come to have merely an historical inte- 
rest ; and Buch a state of things will bo no more incca- 
venient, provided the natural connexions of each cluB 
are retained, than it is to call a rock oolite or por- 
phyry, when it has no roelike structure and no fieiy 
spotB. 

The Methods of Induction which are treated of in 
this and the preceding chapter, and which are specisUy 
applicable to causes governed by relations of Quantity 
or of Resemblance, commonly lead us to Laws of Phe- 
nomena only. Inductions founded upon other ideas, 
those of Substance and Cause for example, appear t« 
conduct us somewhat further into a knowledge of the 
essential nature and real connexions of things. But 
before we speak of these, we shall say a few wards 
respecting the way in. which inductive propodtioiui, 
once obtained, may be verified and carried into efiect 
by their application. 
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Aphorism LI II. 
Wkm the theory of any eabjecl ig establuhed, the obaer- 
vationa and experimenta which are made in applT/in^ the 
science to imb aiid to vaalraclion, mpply a perpetual verifi- 
cation of the theory. 

ApHORiaM LIV. 

Such obtervaiions and eixperimenls, vihen numerous and 

aeeurate, supply also corrections of the couBtaots involved 

in the theory; and sometimea, (by the Method of Hestduea,) 

additions to the theory. 

Aphokibm LV. 
It is worth considering, tuheiJier a continued and con- 
nected system of oiweruofion and calculation, like that of 
astronomy, miglii not i>e employed mith advantage in im- 
proving our knowledge of other aubjecta; aa Tides, Currents, 
Winds, Clouds, Rain, Terrestrial Magnetism, Awora Bo- 
realia. Composition of Crystals, and many other subjects. 

Aphosism LVL 
Art eitonsion ofawell-eatabliahed theory to the explanation 
of new facta eiccitea admiration as a discovery,- but it ia a 
discovery of a lower order than the theory itself. 

Aphohish LVII. 
The pi-actical inventions which are most important in 
Art tnay be either unimportant parts of Science, or results 
not es'plained by Science. 
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Aphorism LVIII. 
In modem timM, in Tnany departments. Art U 
guided, governed and advanced by Science. 

Aphorism LIX. 

Bee^tly several New Arts liave l/een invented, which maff 

be regarded a> notable verifieatioTa of the anticipations of I 

tnaterial benefits to be derived to man from the progress of 1 

Science. 

I. "D Y the application of inductive truths, ■we hero , 

Jj mean, according to the arrangement given in 
cliap. I. of this book, those stepe, which in the naturrf 
order of science, follow the discovery of each truth. 
These steps are, the verification of the discovery by ad- 
ditional experiments and reasonings, and its exlm^on 
to new oflaes, not contemplated by the original dis- 
coverer. These procesaea occupy ttiat period, which, 
in the history of each great discoveiy, we have termed 
the Sequel of the epoch ; as the collection of facts, and 
the elucidation of conceptions, form its Prelude. 

2. It is not necessary to dwell at length on the 
processes ofthe Verification of Discoveries. When the 
Law of Nature is once stated, it is &r easier to devise 
and execute experiments which prove it, than it was 
to discern the evidence before. The truth becomes 
one of the standard doctrines of the science to which it 
belongs, and is verified by all who study or who teach 
the science experimentally. The leading doctrines of 1 
Chemistry are constantly exemplified by each chemist 1 
in his Laboratory; and an amount of verification is | 
thus obtained of which books give no adequate concep- I 
tion. In Astronomy, we have a still stronger example I 
of the process of verifying discoveries. Ever since the j 
science aRSnmed a systematic form, there have been I 
Observatories, in which the consequences of the theory 
were habitually compared with the results of observa- [ 
tion. And to facilitate this comparison, Tables of 
great extent have been calculated, with immense la- 
bour, from each theory, showing the place which the 
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theory ftssignod to the heavenly hodies at successive 
times; and thus, as it Tcre, challenging nature to 
deny the truth of the discoveiy. In this way, as I 
have elsewhere stated, the continued prevalence of an 
eiTour in the systematic parts of astronomy is impos- 
sible'. An erronr, if it arise, makes its ivay into the 
tables, into the ephemeria, into the observer's nightly 
list, or his sheet of reductions; the evidence of sense 
flies in its &ce in a thousand Observatories ; the dis- 
crepancy is traced to its source, and aoou disappears 
for ever. 

3. In these last expressions, we suppose the theory, 
not only to be tested, but also to be corrected when it 
is found to be imperfect. And this also is part of the 
btiainess of the observing astronomer. Fi'om his accu- 
mulated observations, he deduces more exact values than 
had previously been obtained, of the CoTistants or Go- 
efficieiite of these Inequalities of which the Argument ia 
already known. This he ia enabled to do by the methods 
ciplained in the fifth chapter of this book; the Method 
of Means, and especially the Method of Least Squares. 
In other oases, he finds, by the Method of Residues, 
some new Inequality; for if no change of the CoefR- 
cients will bring the Tables and the observation to a, 
coincidence, he knows that a new Term is wanting in 
his formula. He obtains, aa far as he can, the law of 
this unknown Term; and when its existence and its 
law have been iully established, there remains the 
task of tracing it to its cause. 

4, The condition of the science of Astronomy, with 
regard to its security and prospect of progress, ia one of 
singular felicity. It is a question well worth our con- 
sideration, as regarding the interests of science, who- 
ther, in other branches of knowledge also, a continved 
and connected system of observation and calcvlation, 
imitating the system employed by aatronomera, might 
not he adopted. But the discussion of this question 
would involve us in a digression too wide for the pre- 
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5. There is another mode of application of true ' 
theories after their discovery, of which we rauat also 
speak ; I mean the process of showing that facts, not 
included in the original induction, and apparently of a 
different kind, are explained by reasonings founded 
upon the theory 1 — etctensiona of the theory as we may 
call them. The history of physical astronomy is fiill 
of such events. Thus alter Bradley and "Wargentin 
had observed a certain cycle among the perturlmtiona 
of Jupiter's satellites, Laplace explained this cycle by 
the doctrine of universal gravitation'. The long ine- 
quality of Jupiter and Saturn, the diminution of the 
obliquity of the ecliptic, the acceleration of the moon's 
mean motion, wei-e in like manner accounted for by 
Laplac& The coincidence of the nodes of the moon's 1 
equator with those of her orbit was proved to result ( 
irom mechanical principles by Lagrange. The raotionB ] 
of the recently-discovered planets, and of comets, shown J 
by various mathematicians to be in exact accordance I 
with the theory, are Verifications and Eirtensions still | 
more obvious. 

6. In many of the cases just noticed, the consisteno]^ 1 
between the theory, and the consequences thus proved J 
to result from it, is so far from being evident, that the 1 
most consummate command of all the powers and aids 1 
of mathematical reasoning ia needed, to enable the phi- I 
loaopher to arrive at the result. In consequence of 1 
this circumstance, the labours just referred to, of Ia- 1 
place, Iiagrange, and others, have been the object of I 
very great and very juat admiration. Moreover, tin 
necessaiy connexion of new facts, at first deemed inex 
plicable, with principles already known to be true;— 

a connexion utterly invisible at the outset, and yet at ] 
last estahlished with the certainty of demonstration ;— I 
strikes us with the delight of a new discovery; and at 
first sight appears no less admirable than on original 
induction. Accordingly, men sometimes appear tempted 
to consider Laplace and other great mathematicians as 
" a kindred genius to Newton, We must not 
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forget, however, that there 18 a great and essential dif- 
t'erence between inductive and deductive processes of 
tlie mintL The tliscovery of a neto theory, which ia 
true, is a step widely distinct itoin any mere develop- 
ment of the conaequencea of a theory already invented 
and eatabliahed, 

7. Tn the other sciences also, which have been 
framed by a study of natural phenomena, we may find 
examples of the explanation of new phenomena by 
applying the principles of the acience when once 
established. Thus, when the laws of the reflection 
and refraction of light had been established, a new 
and poignant exemplification of them was found in 
the explanation of the Rainbow by the reflection and 
refraction of light in the spherical drops of a shower; 
and again, another, no less striking, when the inter~ 
secting Luminous Circles and Mock Suns, which are 
seen in cold seasons, were completely explained by the 
hexagonal crystala of ice which float in the upper 
regions of the atmosphere. The Darkness of the space 
between the primary and secondary rainbow is another 
appearance which optical theory completely explains. 
And when we further include in our optical theory 
the doctrine of interferences, we find the explanation 
of other phenomena; for instance, the Supernumerary 
Eainbows which accompany the primary rainbow on 
its inner side, and the small Hales which often sur- 
round the sun and moon. And when we come to 
optical experiments, we find many instances in which 
the doctrine of interferences and of im.dulationa have 
been applied to explain the phenomena by calculations 
almost as complex as those which we have mentioned 
in speaking of astronomy : with results as little fore- 
seen at first and as entirely satisfactory in the end. 
Such are Schwerdt's explanation of the diffi«cted 
images of a triangular apeiiure by the doctrine of 
interferences, and the explanation of the coloured 
Lemniscates seen by polarized light in biaxai crystals, 
given by Young and by Herschel : and still more 
marked is anotlier case, in whicli the curves are unsym- 
metrical, namely, the curves seen by passing polarized 



light througli plates of quartz, which agree in a ■ 
derfiil manner with the calculations of Airy. To these I 
we may add the curious phenomena, aad eqoallj' I 
cnrioua mathematical exjilanation, of Conical Hefrac- I 
tion, aa brought to view by Professor Lloyd and Sir ] 
W. Hamilton. Indeed, the whole history both of J 
Phynoal Optics and of Physical ABtronomy is a series .( 
of felicities of this kind, as we have elsewhere observed.. I 
Such applications of theory, and unforeseen explai 
tions of new fecta by complicated trains of reasoning 
necessarily flowing from the theoiy, ara strong proofi 
of the truth of the theory, while it is in the course of 
being established; but we are here rather speaking o 
9 applications of the theory after it has beea 



Those who thus apply pi-inciples already discovered 
are not to be ranted in their intellectual aoliievementa J 
with those who discover new principles ; but atill,. J 
when such applications are masked by the complex I 
relations of space and number, it is impossible not to 1 
regard with admiration the cleamosa and activity of 1 
intellect which thus discerns in a remote region the [ 
rays of a central truth already unveiled by some great 
discoverer. 

8. As examples in other fields of the application 
of a scientific discovery to the explanation of natural 
phenomena, we may take the identification of Light- 
ning with electricity by Franklin, and the explanation 
of Dew by Wells. For Wells's InquAry into the 
Cause of Dew, though it has sometimes been praised 
as an original discovery, was, in fact, only resolving 
the phenomenon into principles already discovered. 
The atmologiats of the last century were aware' that 
the vapour which exists in aiv in an invisible state 
may be condensed into water by cold ; and they had 
noticed that there is always a certain temperature, 
lower than that of the atmosphere, to which if we 
depress bodies, water forms upon them in fine drops. 
This temperature is the limit of that which is neces- 
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Bary to constitute vapour, aud ia Kence ccilled the c< 
sfitnent temperature. But these principles i 
generally famil iar in England till Dr. Wells introduced 
them into his Essay (m Dew, publiahed in 1 8 1 4 ; having 
indeed been in a great measure led to them by hia 
a experiments and reasonings. TTin explanation of 
Dew, — that it arises from the coldness of the bodies 
on ■which it settles, — was established with great inge- 
nuity; and is a very elegant eonflrniation of the Theory 
of Constituent Temperature. 

9. Aa other examples of such explanations o 
phenomena by a theory, we may point out Ampfire'B 
Theory that Magnetism ia transverse voltaic cuiTents, 
applied to explain the rotation of a voltaic wire round 
a magnet, and of a magnet round a voJtaic wire. And 
again, in the same subject, when it had been proved 
that electricity might be converted into magnetism, it 
seemed certain that magnetism might be converted 
into electricity; and accordingly Faraday found under 
■what oonditions this may be dona ; though indeed 
here, the theory rather sugg^ted the experiment than 
explained it when it had been independently observed. 
The production of an electric spark by a magnet was 
a very striking exemplification of the theory of the 

• identity of these different polar agencies. 

10. In Chemistry such applications of the princi- 
ples of the science are very frequent; for it is the 
chemist's business to account for the innumerable 
changes which take place in material substances by 
the effects of mixture, heat, and the like. As a marked 
instance of such an application of the i 
may take the explanation of the explosive force of 
gunpowder* from the conversion of its materials 
into gases. Ia Mineralogy also we have to apply the 
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principlea of Chemistry to the analysis of bodies : aiuL 1 
I may metitian, as a case which at the time excited-- 1 
much notice, the analysis of a mineral called Heayy^f^ 
Spar. It was found that different Bpecimena of thw.] 
mineral differed in. their crystalline angles about threel I 
degrees and a half; a difference which waa at Tariaaoei|f 
with the mineralogical discovery then recently mad%>B 
of the constancy of the angle of the same Hub9tanoe,>>j 
Vauquelin solved this difficulty by discovering thabr* 
the crystals with the different angles were really 
minerals chemically different ; the one kind being sul- 
phate of barytea, and the other, sulphate of strontian. 

II. In this way a scientific theory, when once esta- 
blished, is perpetually finding new applications in the 
phenomena of nature; and those who make such 
applications, though, as we have said, they care not to 
be ranked with the great discoverers who establish 
theories new and true, often receive a more prompt 
and general applause than great discoverers do; be- 
cause they have not to struggle with the perplexity 
and aversenesB which often encounter the promulga- 
tion of new truths. 

13, Along with the verification and extension of 
scientific truths, we are naturally led to consider the 
useful application of them. The example of all thefl 
best writare who have previously treated of the philo- 1 
sophy of sciences, from Bacon to Herschel, draws our' ■ 
attention to tliose instances of the application of scieu--, 
tific truths, which are subservient to the i 
practical life; to the support, the safety, the pleastu 
of man. It is well known in bow large a degrs 
the furtherance of these objects constituted the merii'J 
of the Novum Orgatwn in the eyes of its authOTJj' 
and the enthusiasm with which men regard theeft:| 
visible and tangible manifestations of the power and 
advantage which knowledge may bring, has gone on 
increasing up to our own day. And undoubtedly such 
applications of the discoveries of science to promote 
the preservation, comfort, power and dignity of man, 
must always be objects of great philosophical s 
as practical interest. Yet we may observe that tliOBft^f 
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practical inventions whicli are of most importnnce in 
the Arts, Lave not commonly, in tlie past ages of the 
world, been the reaulta of tlkeoretical knowledge, nor 
have they tended very greatly to the promotion of such 
knowledge. The nae of bread and of wine has existed 
from the first beginning of man's Bocial history ; yet men 
have not had — we may question whether they yet Lave 
— a satiafactoiy theory of the constitution and fabrica- 
tion of bread and of wine. From a very early period 
there have been workers in metal ; yet who could tell 
npon what principles depended the purifying of gold 
and silver by the fire, or the difference between iron 
and steel ? In some cases, as in the story of the brass 
produced by the Corinthian conflBgration, some parti- 
cular step in art is ascribed to a special accident j but 
hardly ever to the thoughtfiil activity of a scientific 
speculator. The Dyeing of cloths, the fabrication and 
colouring of earthenware and glass vessels was carried 
to a very high degree of completeness; yet who had 
any sound theoretical knowledge respecting these pro- 
cesses t Are not all these arts still practised with 
a degree of skill which we can hardly or not at all 
surpass, by nations which have, properly speaking, no 
science t Till lately, at least, if even now the case 
be different, the operations by which man's comforts, 
luxuries, and instruments were produced, were either 
mere practical processes, which the artist practises, but 
which the scientist cannot account for; or, as in astro- 
nomy and optics, they depended upon a small portion 
only of the theoretical sciences, and did not tend to 
illustrate, or lead to, any larger truths. Bacon men- 
tions as recent discoveries, which gave him courage 
and hope with regard to the future progress of human 
knowledge, the invention of gunpowder, glass, and 
printing, the introduction of silk, and the discovery of 
America. Yet which of these can be said to hare been 
the results of a theoretical enlargement of human 
knowledge? except perhaps the discovery of the New 
World, which was in some degree the result of Colum- 
bus's conviction of the globular form of the earth. 
This, however, was not a recent, but a very ancient 
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doctrine of all souod astronomers. And which of these 
discoTeriea has been the cause of a great enlai^ement 
of om- theoretical knowledge? — except any one claims 
auch a merit for the discoveiy of printing; in which 
senae the restdt ia brought about in a vety indirect 
manner, in the same way in which the progress of 
freedom and of religion may be ascribed as conse- 
queuceB to the same diaeoyery. However great or 
striking, then, such discoveries have been, they have 
not, generally epealdng, produced any marked aidvance 
of the Inductive Sciences in the eeuse in which we 
here speak of them. They have increased man's 
power, it may be: that ia, his power of adding to his 
comforts and communicating with his fellow-men. 
But they have not necessarily or generally increased 
his theoretical knowledge. And, therefore, with what^ 
ever admiration we may look upon such discoveries as 
these, we are not to admire them as steps in Inductiv|M 



And on the other hand, we are not to ask of In.'H 
ductive Science, as a necessary result of ]ier progress, 
such additions as these to man's means of enjoyment 
and action. It is said, with a feeling of triumph, that 
Bjiowiedgs is Power : but in whatever sense this may 
truly be said, we Talue Knowledge, not because it ia 
Power but because it is Knowledge; and we estimate 
wrongly both the nature and the dignity of that kind 
of science with which we are here concerned, if we 
expect that eiery new advance in theoiy will forth- 
with have a market value : — that science wOl mark 
the birth of a new Truth with some new birthday 
present, such as a softer stuff to wrap our limbs, a 
brighter vessel to grace our table, a now mode of com- 
munication with our friends and the world, a new in- 
strument for the destruction of our enemies, or a new 
region which may be the source of wealth and interest. 

13, Yet though, as we have said, many of the most 
remarkable proce^es which we reckon as the triumphs 
of Art did not result from a previous progress of Sci- 
ence, we have, at many points of the history of Scie 
ajuJicatJonB of new views, to enable man to do a. 
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as to see. WLeii ArcLimedes had obtained clear viewa 
of the theory of machines, he forthwith expressed them 
in his bold practical boast ; ' GiTe me whereon to stand, 
and I will move the earth.' And his machines with 
which he is said to have handled the Koman ships 
like toys, and his burning mirrors with which he is 
reported to have set tbera on fire, are at least jmasible 
applications of theoretical pi'inciples. When be saw 
the watei's rising in the bath as his body descended, 
and rushed out crying, 'I have found the way;' what 
he had found was the solution of the practical ques- 
tion of the quantity of silver m.ixed with the gold of 
Hiero's crown. But the mechanical inventionB of Hero 
of Alexandria, which moved by the force of air or of 
steam, probably involved no exact theoretical notions 
of the properties of air or of steam. He devised a toy 
which revolved by the action of steam; but by the force 
of steam exerted in issuing from an orifice, not by its 
pressure or condensation. And the Komans had no arts 
derived irom science iu addition to those which they 
inherited from the Greeks. They built aqueducte, not 
indeed through ignoi-ance of the principles of hydrosta- 
tics, as has sometimes been said; for we, who know our 
hydrostatics, build aqueducts still; but their practice 
exemplified only Archimedean hydrostatics. Their 
depaydraa or water-clocks were adjusted by trial only, 
^hey used arches and vaults more copiously than the 
Greeks had done, but the principle of the arch appears, 
by the moat recent researches, to have been known to 
the Greeks. Domes and groined arches, such as we have 
in the Pantheon and in the Baths of Caracalla, per- 
haps they invented ; certainly they practised them on 
a noble scale. Tet this was rather pi-actical skill 
than theoretical knowledge; and it was pursued by 
, their successors in the midi^e ages in the same man- 
ner, as practical skill rather than theoretical know- 
ledga Thus were produced flying buttresses, intersect- 
ing pointed vaults, and the other wonders of mediieval 
architectura The engineers of the fifteenth century, 
Bfi Leonardo da Vinci, began to convert their practical 
into theoretical knowledge of Mechanics; but still 
16—2 
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clocks and watches, Qjing macbines and printing 
presses involTed no new mechanical principle. 

14. Bat from this time Uie adraaaea in Scieace 
generally produced, as their result, new inventioas of 
a practical kind. Thus the doctrine of the 
air led to such inventions as the barometer used 
a Weather-glass, the Air-pump with its train of 
ons experiments, the Diving-Bell, the Balloon. Thft.' 
telescope was perhaps in some degree a discovery dafl 
to accident, but its principles had 1>een taught hy 
Roger Bacon, and stil] more clearly by Descartee. 
Kewton invented a steady thermometer by attending 
to steady laws of nature. And in the case of the im- 
provements of the steam engine made by Watt, we 
have an admirable exam])le how superior the method 
of improving Art by Science is, to the blind gropings 
of mere practical habit. 

Of this truth, the history of most of the useful arts 
in our time offers abundant proois and illustrations. 
All improvements and applications of the forces and 
agencies which man employs for his purposes are now 
commonly made, not by blind trial, but with the 
clearest theoretical as well as practical insight which 
he can obtain, into the properties of the agents which 
he employs. In this way he has constructed, (using 
theory and calculation at every step of his construc- 
tion,) steam engines, steam boats, screw-propellers, 
locomotive engines, railroads and bridges and stnic- 
turea of all kinds. lightning-conductors have been, 
improved and applied to the preservation of buildings, 
and especially of ships, with admirable effect, by Sir 
Wm. Snow Harris, an experimenter who lias studied 
with great care the theory of electricity. The mea- 
surement of the quantity of oxygen, that is, of vital 
power, in air, has been taught by Cavendish, and by 
Dr Ure a skilfiil chemist of oiir time. MelJioda for 
measuring the bleaching jjower of a substance have 
been devised by eminent chemical philosophers, Gay 
Lussac and Mr Graham. Davy used his discoveries 
concerning the laws of flame in order to construct his 
Safety Lamp : — hia discoveries concerning the gal' 
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battery in order to protect stipa' bottoms from corro- 
sion. The skilled geologist Iifta repeatedly given to 
those who were about to dig for coal where it could 
have no geological place, advice which has aaved them 
from ruinous expence. Sir Roderick Murchison, from, 
geological evidence, declared the litelihood of gold be- 
ing found abiindantly in Australia, many years before 
the diggings began. 

Even the subtle properties of light as shewn in the 
recent discoveries of its interfurence and polarization, 
have been applied to useful purposes. Young invented 
an Eriometer, an instrument which abould measure the 
fineness of the threads of wool by the coloured fringes 
which they produce; and substances which it is im- 
portant to distinguish in the manufacture of sugar, 
are discriminated by their effect in rotating the plane 
of polarization of light. One substance has been termed 
Dextrin, from ita impreaaiug a right-handed rotation 
on the plane of polarization. 

And in a great number of Arts and Manufactures, 
the necessity of a knowledge of theory to the right 
conduct of practice is Ikmiliarly acknowledged and 
assumed. In the testing and smelting of metals, in the 
fabrication of soap, of candles, of sugar ; in Jhe dyeing 
and printing of woollen, linen, cotton and silken atufis; 
the master manufacturer hu£ always the Eoientjfic che- 
mist at his elbow; — either a 'consulting chemist' to 
whom he may apply on a special occasion, (for such is 
now a regular profession;) or a chemist who day by 
day Btiperintends, controls, and improves the proceases 
which Lis workmen daily carry on. In these cases, 
though Art long preceded Science, Science now guides, 
governs and advances Art. 

15, Other Arts and manufactures which have arisen 
in modern times have been new creations produced by 
Science, and rec[uiring a complete acquaintance with 
scientific processes to conduct them effectually and 
securely. Such are the photographie Arts, now so 
various in their form ; beginning with those which, 
from their authors, are called Daguerrotype and Tal- 
botype. Such are the Arts of Electrotype modelling 
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and Electi«t7pe plating. Snch are the Arts of ^ra- 
paringfalmiiiatiiig BaI)Ktaiic«s; gtm-cotton ; folminate 
of silrer, and of ntercnrr ; and tbe application of those 
Arts to lue, in the falnication of percosion-caps for 
gnoB. Such ia the Art of Electric Telegraphy, from its 
first beginning to its last great att«mpt., the dectric 
cord which coonecte England and America. Such is 
the Art of imitating by the chemistry of the laboratory 
the vegetable chemistTy of nature, and thos producing 
the flavour of the pear, the apple, the pine-apple, tbe 
melon, the qnince. Snch is the Art of prodncing in 
man a temporary insensibility to pain, which waa 
effected first through the means of anlphnric ether by 
Dr Jackson of America, and afterwards through the 
use of chloroform by Dr Kmpson of Edinbuigh. In 
these cases and many othera Science has endowed 
man with New Arts. And though even in these Arts, 
which are thus tbe last results of Science, there is 
much which Science cannot fully understand and ex- 
plain; atill, such cases cannot but be looked upon as 
notable verifications of the anticipations of those who 
in former times expected from the progress of Science 
a harvest of material advantages to mau. 

We must now conclude our task by a few words on 
the subject of inductions involving Ideas ulterior to 
tlioae already considered. 
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CHAPTER X. 

Of the iNDrcTioN of Causes. 



Aphorism LX. 

In tlie Induction of CauecB the principal Masrim. a, that 

wt mvtt be careful to poaseas, and to apply, with perfect 

eleayness, the Fundamental Idea on which the Indiicliott 

depends. 

Aphorism LXI. 
T!ie Indaetitm of Subelaace, of Force, of Polarity, go 
beyond mere laws of phenom^ia, and may be cortiid&red ai 
the Induction of C'auset, 

Aphorism LXII. 

The Caase of certain phenomena being inferred, wc arc 

led to inquire into the Cause of this Cause, which inquiry 

mast be conducted in the same manner as the previmis one ; 

and thus vie have the Induction of Ulterior Causes. 

Aphorism LXIIL 

In contemplating i?ie eeries of Causes which are themselveM 

tlte effects of other causes, vie are necessarily led to assume a 

Sapreme Cause in the Order of Causation, as uie assume a 

First Cause in Order of Succfsnon. 

I. "\^7E formerly' atated theobjeota of the researcLea 

W of Science to be IrftwB of Phenomena and 

Causes; and showed the propriety and the necessity of 

not resting in the former object, but extending our 
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icu^uines to tlie Utter also. luductions, in vhich phe- 
uouena ar« connected by relations of Space, Time, 
Kumber anU Rraemblance, belong to the former cla^a; 
Hiul of the Methods applicable to such Inductions we 
hufe treats abready. In. proceeding to Inductions 
gyvixued bj any ulterior Ideas, we can no longer ' 
iluwa any Special Methods by which our procedi 
may be directed. A few general remarks 
we shall offer. 

The principal Maxim in such cases of Induction 
the obvious one : — that we must be careful to 
and to apply, with perfect cleameas and precision, 
Fundamental Idea on which the Induction depends. 

We may illustrate this in a few casea. 

2, htdwAlon of SvhBtance. — The Idea of Substance' 
iuvolves this axiom, that the weight of the whole com- 
pound must be equal to the weights of the Eeparate 
elements, whatever cbangea the composition or separa% 
tiou of the elements may have occasioned. The appli- 
cation of this Maxim we may term the Method o/ 
Balance. We have seen' elsewhere how the mem 
able revolution in Chemistry, the overthrow of Phl( 
giaton, and the establishment of the Oxygen Theoty,i 
was produced by the application of this Method. Wi 
have seen too' that tiie same Idea leads 
Maxim;— that Imponderable Fluids are 
admitted as cliemical eleraents of bodies. 

Whether those which have been termed Iiryiond&r- 
able Fluids, — the supposed fluids which produce the 
phenomena of Light, Heat, Electricity, Galvanism, 
Magnetism, — really exist or no, is a question, not 
merely of the Laics, but of the Cavsea of Phenome 
It is, as has already been shown, a question which 
cannot help discussing, but which is at present involvi 
iu great obscurity. Nor does it appear at all likely thi 
we shall obtain a true view of the cause of Ligh< 
Heat, and Electiicity, till we have discovered preciaaj 
and general laws connecting optical, thermotical. 
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electrical plietwmeTia with those cLomical dnctriuea to 
which the Idea of Substance is necessarily applied. 

3. iTiduction of Force. — The inference of Meclui- 
nieal Forces from phenomeaa has been so abundantly 
practised, that it is perfectly familiar among scientific 
inquirers. From the time of Hewton, it has been the 
most common aim of mathematicians j and a persua- 
sion bus grown up among them, that mechanical forcet<, 
■ — attraction and repnlsion, — are the only modes of 
action of the particles of bodies which we shall ulti- 
mately have to consider. I have attempted to show 
tha.t thiH mode of conception is inadequate to the pur- 
poses of sound philosophy; — that the Particles of 
crystals, and the Elements of chemical compounds, 
must be supposed to be combined in some other way 
than by mere mechanical attraction and repulsion. 
Dr. Faraday has gone further in shaking the usual con- 
ceptions of the force exerted, in well-known tawes. 
Among the most noted and conspicu 
attraction and repulsion exerted at a 
those which take place between electrized bodies. But 
the eminent electrician just mentioned lias endeavoured 
to establish, by experiments of which it is very diffi- 
cult to elude the weight, that the action in these cases 
does not take place at a distance, but is the I'esult of 
a chain of intermediate particles connected at evei'y 
point by forces of another kind. 

4. Iiiduotion of Folarity. — The forces to which 
Dr. Faraday ascribes the action in. these cases are 
Foiar Forcet^. We have already endeavoured to ex- 
plain the Idea of Polar Forces; which implies' that at 
every point forces exactly equal act in opposite direc- 
tions; and thus, in the greater part of their course, 
neutralize and conceal each otliei'; while at the extre- 
mities of the line, being by some cause liberated, they 
are manifested, still equal and opposite. And the cri- 
terion by which this polar character of foi-cea is re- 
cognized, is implied in the reasoning of Fai'aday, on 
the question of one or two electricities, of which we 
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ferHKrly ispiike'. The maxim is t]ii«:— 
aotdon of polar forces, along with everj manifestatioiL 
of toeeo w [woperiy, titers ezista a cmresponding and 
simattaneoaB mwiilestation of an equal aad opposite 
foice or pKfperty. 

5. Aa it w«s the habit of the last age to reduce all 
action to mechanical forces, the pKsent race of physical 
speculstora sppeara inclined to reduce all forces to 
polar irrcfu. Moftotti ha« endeavoured to show that the 
potdtive and negative electricities pervade all bodies, 
and that gravity is only an apparent excess of one of 
the kinds over the other. Aa we have seen, Faraday 
hiu given strong experimental grounds for believing 
that the sup|)o)ied remote actions of electrized bodies 
are really the efTects of polar forces among contiguous 
particles. If this doctrine were established with re- 
gard to all elentrieal, magnetical, and chemical forces, 
we might ask, wliether, while all other forces are 
jKilar, gravity I'eally affords a single exception to the 
universal mle ? Is not the universe pervaded by an 
ouinipreseut antagcininm, a fundamental conjunction of 
contiuries, everywhere opposite, nowhere independent J 
We are, as yet, ikr from the position in which Induo- 
tire Science can enable ua to answer such inquirieB. 

6. Induction of Ulterior Gautea. — The first Induc- 
tion of a Cause does not close the business of scientifio 
inquity. Behind proximate causes, there are ulterior 
causes, perhaps a succession of such Gravity is the 
cause of the motions of the planets ; but what is the 
cause of gravity 1 This is a question which has occu' 
pied men's minds from the time of Newton to the pre- 
sent day. Earthquakes and volcanoes are the causes 
of many geological phenomena; but what ia the cause 
of those subterraneous operations % This inquiry after 
ulterior causes is an inevitable result from the intellec- 
tual constitution of man. He discovers mechanical 
causes, but he cannot rest in them. He must needs 
ask, whence it is that matter has its univerBal power of 
attracting matter. He discovers polar forces: but e 
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if these bo universal, he still desires a further insight 
into the cauBe of this polarity. He sees, in organic 
structures, convincing marks of adaptation to an end ; 
whence, he a^iks, is this aiiaptationl He traces in the 
history of the earth a chain of causes and effects ope- 
rating through time ; but what, he inquires, is the 
power which holds the end of this chain 1 

Thus we are referred back from step to step, in the 
order of causation, in the same manner as, in the palfe- 
tiologieal sciences, we were referred back in the order 
of time. We make discovery after discovery in the 
various regions of science ; each, it may be, aatisfectory, 
and in itself complete, but none final. Something 
always remains undone. The last question answered, 
the answer suggests still another question. The strain 
of music from the lyre of Science flows on, rich and 
sweet, full and harmonious, but never reaches a close ; 
no cadence is heard with which the intellectual ear can 
feel satisfied. 

Of (As Su/preme Cause. — Tn the utterance of Science, 
no cadence is heard with which the human mind can 
feel satisfied. Yet we cannot but go on Lsteniog for 
and expecting a satisfactory close. The notion of a 
cadence appears to be essential to our relish of the 
music. The idea of some cloaing strain seems to lurk 
among our own thoughts, waiting to be articulated in 
the notes which flow from the knowledge of external 
natnre. The idea of something ultimate in our philo- 
sophical researohea, something in which the mind can 
acquiesce, and which will leave us no further questions 
to ask, of whence, and why, and hy what power, seems 
as if it belonged to us ; — as if we oould not have it 
withheld from us by any imperfection or incomplete- 
ness in the actnal performances of science. What is 
the meaning of this conviction ) What is the reality 
thus anticipated ? Whither does the developement of 
this Idea conduct us ? 

We have already seen that a difSculty of the same 
kind, which arises in the contemplation of causes and 
effects considered ai forming an historical sei-ies, drives 
us to the assumption of a First Cause, as an Axiom 
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to which our Idea of Causation in time necesearili^ 
leads. And as we were thus guided to a First Causei I 
in order of Snoceasiou, the same Hnd of necessity 
directs us to a Supreme Cause in order of Causation. 

Oa this most weighty subject it is difficult to speak 
fitly; and the present is not the proper occasion, ev 
for most of that which may be said. But there s 
one or two remarks which flow from the general train.B 
of the contemplations we have been engaged in, andl 
with which this Work must conclade. 

We have seen how differont are the kinds of causa 
to which we are led by acientilic researches. Meet 
nical Forces are insufficient without Chemical Affi, 
lies; Chemical Agencies &il us, &nd we are compelled 
to have recourse to Vital Poieers; Vital Powers caa<^ 
not be merely physical, and we must believe ii 
thing hyperphysical, something of the nature of a Soi 
Nut only do biological inquiries lead us to a^un 
finimfti sou!, but they drive us much further; 
bring before us Perception, and WUl evoked by Fer~J 
ception. Still more, these inquiries disclose to u " 
as the necessary forms of Perception, in the action! 
of which we ourselves are conscious. 
we cannot help being a,ware, of ou 
Volitions as belonging to *w, and thus we pass froi 
lliinga to persons; we have the idea of PersoncUit* 
awakened. And the idea of Design and Purpose, c 
which we are conscious in our own minds, w 
reflected back to ua, with a distinctness which w 
not overlook, in all the arrangements which constitute 
the frame of organized beings. 

We cannot but reflect how widely diverse s 
kinds of principles thus set before us ;— by what v 
strides we mount from the lower to the higher, a 
proceed through that series of causes which the r 
of the sciences thus brings under our notice, 
we know how narrow is the range of these scienceftV 
when compared with the whole extent of human knowf 
ledge. We cannot doubt that on many other subjects, 
besides those included in physical speculation, man Basil 
made out solid and satislactory trains of c 
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has discovered clear and indisputable eviclence of caiis- 
ation. It ia manifest, tLerefore, that, if we are to 
attempt to ascend to the Supreme Cai^ae — if ve are 
to try to frame an idea of the Cause of all these sub- 
ordinate causes; — we must conceive it as more dif- 
ferent iram. any of them, than the m.ost diverse are 
from each other; — more elevated above the highest, 
than the highest is above the lowest. 

But further; — -though the Supreme Cause must thus 
be inconceivably different from all subordinate causes, 
and immeasurably elevated above them all, it must 
still include in itself all that is essential to each of 
them, by virtue of that very circumstance that it ia 
the Cause of their Causality. Time and Space, — In- 
finite Time aad Infinite Space,- — must be among its 
attributes; for we cannot but conceive Infinite Time 
and Space as attributes of the Infinite Cause of the 
Universe. Force and Matter must depend upon it 
for their efficacy; for we cannot conceive the activity 
of Force, or the resistance of Matter, to be independent 
powers. But these are its lower attributes. The Vital 
Powers, the Animal Soul, which are the Causes of the 
actions of living things, ate only the Effects of the 
Supreme Cause of Life. And this Cause, even iu the 
lowest forms of organized bodies, and still more in 
those which stand higher in. the scale, involves a 
reference to Fmda and Purposes, in short, to manifest 
Final Causes. Since this is so, and since, even when 
we contemplate ourselves in a view studiously nar- 
rowed, we still find that we have Ideas, and Will and 
Personality, it would render our philosophy utterly 
incoherent and inconsistent with itself, to suppose that 
Personality, and Ideas, and Will, and Purpose, do not 
belong to the Supreme Cause from which we derive 
all that we have and aU that we are. 

But we may go a step fiirther; — though, in our 
present field of speculation, we confine ourselves to 
knowledge founded on the facts which the external 
world presents to us, we cannot target, in speaking of 
such a theme as that to which we have thus been led, 
that these are but a small, and the least significant 
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portion of the fiicta -which bear upon it. We cauaot 
&il to recollect that there are facts belonging to the 
world within ns, which more readily and strongly 
direct our thoughts to the Supreme Cause of all 
things. We can plainly discern that we have Ideas 
elevated above the region of mechanical causation, of 
animal existence, even of mei'e choice and will, which 
still have a clear and definite significance, a permanent 
and indestructible validity. We perceive as a &ct, 
that we have a Conscience, judging of Right and 
Wrong; that we have Ideas of Moral Good and Evil; 
that we are compelled to conceive the organization 
of the moral world, as well as of the vital frame, to 
be directed to an end and governed by a purpose. 
And since the Supreme Cause is the cause of theae 
facts, the Origin of these Ideas, we cannot refuse to 
recognize Him as not only the Maker, but the Gover- 
nor of the World ; as not only a Creative, but a Pro- j 
vidential Power; as not only a Universal Father, but \ 
an Ultimate Judge. 

We have already passed beyond the boundary trf | 
those speculations which we proposed to ourselves s 
the basis of our conclnsions. Yet we may be allowed 1 
to add one other reflection. If we lind in oursi " 
Ideas of Good and Evil, manifestly bestowed upon ns I 
to be the guides of our conduct, which guides we yet 
find it impossible consistently to obey; — -if we find o 
selves directed, even by our natural light, to aim. at a | 
jjerfection of our moral nature from which we are 
stantly deviating through weakness and perverseness; j 
if, when wo thus lax>3e and err, we can find, in the ' 
region of human philosophy, no power which can e; 
our aberrations, or reconcile our actual with our ideal 
being, or give us any steady hope and trust with re- 
gard to our actions, ai'ter we have thus discovered their 
incongruity with their genuine standard; — if we dis- 
cern that this is our condition, how can we fail to see 
that it is in the highest degree consistent with all the 
indications supplied by such a philosophy as that of 
which we have been attempting to lay the foundations, 
that the Supreme Cause, through whom man exis 
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a moral being of vast cajxuiities and infinite hopes, 
should have Himself provided a teaching for our igno- 
rance, a propitiation for our sin, a support for our 
veaknesa, a, purification and sanctification of our 
nature t 

And thus, in concluding our long survey of the 
grounds and sti'ucture of eoience, and of the lessons 
■which the study of it teaches us, we find ourselves 
brought to a point of view in which we can cordially 
sympathize, and more than sympathize, with all the 
loftiest expressions of admiration and reverence and 
hope and trust, which have been uttered by those who 
in former times have spoken of the elevated thoughts 
to which the contemplation of the nature and progress 
of human knowledge gives rise. We can not only hold 
with Galen, and Harvey, and all the great physio- 
logists, that the organs of animals give evidence of a 
purpose; — not only assert with Cuvier that this con- 
viction of a purpose can alone enable us to understand 
every part of every living thing; — not only say witli 
Newton that 'every true step made in philosophy 
brings us nearer to the First Cause, and is on that 
account highly to be valued;' — and that ' the business 
of natural philosophy is to deduce causes from efiects, 
till we come to the very First Cause, which certainly is 
not mechanical ;'— but we can go much further, and 
declare, still with Newton, that ' this beautiful system 
could have its origin no other way than by the pui'- 
pose and command of an intelligent and powerful Being, 
who governs all things, not as the soul of the world, 
but aa the Lord of the Universe ; who is not only God, 
but Lord and Governor.' 

"When we have advanced bo far, there yet remains 
one step. We may recollect the prayer of one, the 
master in this school of the philosophy of science ; 
'This also we humbly and earnestly beg; — that hu- 
man things may not prejudice such as are divine; — 
neither that iioja the lulocking of the gates of sense, and 
the kindling of a greater natural light, anything may 
arise of incredulity or intellectual night towards divine 
mysteries; but rather that by oiu" minda thoroughly 



nmuTios or scixsck. 

pnwdi and deaaaed fivn bttty sad vwn^, and } 
•■lyaet and fwHeetlT^ ^*m up to the dirme Draei^'^ 
thtre laqr le pven toto &^ tlie tUngs tfcat m 
laitb'K,' Wben ve are Ana prepared fiv a h^^er 
*t»rtnmg^ wc JaKf bc icadj to &Sea to a greater tkan 
Baeoa, whta be ai^ to thoae ^m kare soi^ti tbeir 
Ood in the laaterial mu i qa t^ ''Wlmii je igtMraatly 
wn^ip, him declare I onto too.' And wImi we re- 
collect how ntterij' inadequate all haman hu^nage baa 
been flbown to be, to exprcM the nature of that Siir- 
preme Cauxe of the Xatonl, and Rational, and Miaal, 
and Spiritual world, to which our PhiloM^y pmnte 
with trembling finger and shaded eyva, we ma.j recrave, 
with the less wonder bat with the more rererence^ 
the declar^ion which han, been Tonchsafed to us :* 

BM APXH HS 'O AOrOS, KAI "O A0r02 WS HPOS ,, 
T05 6E0S, KAI GEOS HX O AOrOS, 
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BOOK IV. 

OF THE LANGUAGE OF SCIENCE. 



Introduction. 

IT has been sLown in the Hietory of die Seienees, 
and has further appeared in the course of the 
History of Ideas, that almost eveiy step in the pro- 
gress of science is marked by the fonnatioo or appro- 
priation of a technical term. Commoa language has, 
in moat cases, a certain degree of looseness and amhi- 
guity; as common knowledge has usually something of 
vagueness and indistinctness. In common cases too, 
knowledge usually does not occupy the intellect alone, 
but more or leas interests some affection, or puts in 
action the fancy; and common language, accommo- 
dating itself to the office of expressing soch know- 
ledge, contains, in every sentence, a tinge of emotion 
or of imagination. But when our knowledge becomes 
perfectly exact and purely intellectual, we require a 
language which shall also be exact and intellectual ; — 
which shall exclude alike vagueness and fency, imper- 
fection and superfluity ; — in which ea«h term shall 
convey a meaning steadily fixed and rigorously limited. 
Such a language that of science becomes, tlirough the 
use of Technical Terms. And we must now endeavour 
to lay down some maxims and suggestions, by atten- 
tion to which Technical Terms may be better fitted to 
answer their purpose. In order to do this, we shall in 
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tihe first [jlace take a rapid suivey of the i 

whidl 'i'w;linical Terms have been employed from the 

eai'liett periods of scientific hiatoiy. 

The progress of the use of technical scientific lau- 
){uage ofiers to our notice two difTerent and successive 
poL'iods ; in the first of which, technical terms were 
formed casually, as convenience in each case prompted; 
while in the second period, technical language was con- 
sti'uoted intentionally, with set purpose, with a regard 
to its connexion, and with a view of constructing a, 
system. Though the casual and the systematic forma- 
^on of technical terms cannot be separated by any 
precise date of time, (for at all periods some terms in 
some sciences have been framed nnsystematically,) we 
may, as a general description, call the former the An- 
cient and the latter the Modem Period, In illustrating 
the two following Aphorisma, I will give examples 
the course followed in each of tliese periods. 



Aphorism I. 

In the Atieienl Period of Sciences, Technical Terms v 
f mined in three different wai/a: — by appropriating ei 
words and fnAng their meaning; — by eonatructing tet. 
oontaining a description f— 
refervnte to a theory/. 



The earliest sciences offer the earliest examples of 
technical terms. These are Geometry, Arithmetic, and 
Astronomy ; to which we have soon after to add Har- 
monics, Mechanics, and Optica. In these sciences, we 
may notice the ahove-mentioned three different modes 
in which technical teima were formed. 

I. The simplest and hrst mode of acquiring techni- 
cal terras, is to take words cmrent in common usage, 
and by rigorously defining or otherwise fixing their 
meaning, to fit them for the expression of scientific 
truths. In this manner almost all the fundamental 
technical terms of Geometry were formed. A sphere, 
a cone, a cj/Under, Lad among the Greeks, at first, 
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meanings less precise than those wliich geometers gave 
to these words, and besides the mere designation of 
form, implied eome' use or application. A sp/iere 
(iTKJjaipa) waa a liand-ball used in games j a cone (kuvos} 
was a boy's apinning-top, or the crest of a helmet; a 
cylinder (KuAivSpos) was a roller; a. cube (inJ^os) waa a 
die ; till these words were adopted by the geometers, 
and made to signify among them pure modifications of 
space. 80 an cmgle {y<avia) waa only a comer; a point 
((nj/ieW) WHB a signal; a line (y/jap/iij) was a mark; a 
straight line (eilfleiu} was marked by an adjective which, 
at first meant only direct A plane {hriTrthov) is the 
neuter form of an adjective, which by its derivation 
means on. tlte ground, and hence flat. In all these 
casea, the word adopted as a, term of science has its 
sense rigorously fixed; and where the common use of 
the term is in any degree vague, its meaning may be 
modified at the same time tliat it is thus limited. 
Thus a rhombus (^pofi^oi) by its derivation, might mean 
any figure which ia twisted out of a regular form; bnt 
it is confined by geometers to that figure which has 
four equal sides, its angles being oblique. In like 
manner, a trape^um (rpairt^tov) originally signifies a 
tahle, and thus might denote any form ; but as the ta- 
bles of the Greeks had one side shorter than the oppo- 
site one, such a figiuv was at first called a trapeidvm. 
Afterwards the term waa m^de to signify any figure 
with four unequal sides; a name being more needful in 
geometry for this kind of figure than fer the original 

This class of technical terms, namely, words adopted 
from common language, but rendered precise and de- 
terminate for purposes of acience, may also be exem- 
plified in other sciences. Thus, as was observed in the 
early portion of the history of astronomy', a day, a 
■month, a year, described at first portions of time marked 
by familiar changes, but afterwards portions determined 
by rigorous mathematical definitions. The conception 
of the heavens as a revolving sphere, is so obvious, 
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that we may consider the terms which involve 1 
conception aa parts of common language; as the ; 
(itoAob); the arctic circle, which inclndea the stars that 
never set'; the horison (o/ji'^mv) a bonndary, applied 
technically to the circle bounding the visible earth 
and aky. The turnings of the eii.H {Tpmral y'ttXtoio), 
which are mentioned by Hesiod, gave occasion to the 
terra tropics, the circles at which the aun in his annual 
motion turns bock from, hia northward or southward 
advanca The sxmes of the earth, (the torrid, ten^m- 
rate, and frigid;) the gnomon of a dial; the limb (or 
border) of the moon, or of a circular iDstrmnent, are 
terms of the same class. An eclipss {acXt^K) is origi- 
nally a deficiency or disappearance, and joined with 
the name of the luminary, an eclipse of the sun or of 
the moon, deacribed the phenomenon; but when the 
term became techmcal, it sufficed, without addition, to 
designate the phenomenon. _ 

In Mechanics, the Greeks gave a scientific preciaioa m 
to very few words : we may mention weights (^dptaS, * 
the omis of a lever (fiipfta), ita fidcrum (vTro/io^Xtoi'), 
and the verb to batariice {Itroppom-tiv). Other terma 
which they used, aa TnoTn^ntuni (pcnrq) a^ad force (Siii'tyiis), 
did not acquire a distinct and definite meaning till the 
time of Galileo, or later. We may obaerve that all 
abstract tenna, though in their scientific application 
expressing mere coaceptiona, were probably at first 
derived from some word describing external objects. 
TTius the latin word for force, vis, seems to be con- 
nected with a Greek word. Is, or F'ls, which often baa 
nearly the same meaning; but originally, aa it would 
seem, aignified a ainew or muscle, the obvious seat of 
animal strength. 

In later times, the limitation imposed upon a word 
by its appropriation to scientific piirposea, is often 
more marked than in the caaea above deacribed. Thus 
the variaiion is made to mean, in astronomy, the se- 
cond inequality of the moon'a motion; in magnetism, 
the variation aignifiea the angular deviation of the 
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compass-needle from the north; in pure matliematics, 
the varialum of a quantity is the formula which ex- 
presses the result of any small change of the moat 
general kind. In like manner, parallax (irn/jaWalts) 
denotes a change in general, bnt is used by astronomers 
to signify the change produced by the spectator's being 
removed from the center of the earth, his theoretical 
place, to the surface. Alkali at first denoted the ashes 
of a particular plant, bnt ailerwards, all bodies having 
a certain class of chemical properties; and, in like 
manner, acid, the class opposed to alkRli, was modified 
in signification by chemists, so as to refer no longer to 
the taste. 

Words thus borrowed from common langu^e, and 
converted by scientific writers into technical terms, 
have some advantages and some disadvantages. They 
possess this great convenience, that they are under- 
stood after a very short explanation, and retained in 
the memory without effort. On the other hand, they 
lead to some inconvenience ; for since they have a 
meaning in common language, a careless reader is 
prone to disregard the techoicai limitation of this 
meaning, and to attempt to coDect their import in sci- 
entific books, in the same vague and conjectural man- 
ner in which he collects the purpose of words in com- 
mon cases. Hence the language of science, when thus 
resembling common language, is liable to be employed 
with an absence of that scientific precision 'which alone 
gives it value. Popular writers and talkers, when they 
speak of Jorce, momentwiii, action rmd reactum, and 
the hke, often afford examples of the inaccuracy thus 
arising from the scientific appropriation of common 

II. Another class of technical terms, which we 
find occurring as soon as speculative science assumes a 
distinct shape, consists of those which are intentionally 
constructed by speculators, and which contain some 
description or indication distinctive of the conception 
to which they are applied. Such are a paraltdoffram 
(irapaXk-rikoypaitnov), which denotes a plane figure 
bounded by two pairs of parallel lines; a paralielojiiped 
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(jTOpoAAajXinrtTreSov), wUicli KignifieB ft solid figure 
bounded by three pairs of parallel planes. A Iriamjle 
(TpiymriK, Iriffon) and a quadrangle (Tcrpoynn'os, tetra- 
gon) were perhaps words invented independently of 
the mathematicians : but such words extended to other 
cases, peiUagon, decagon, Itecco'decagon, polygon, are 
inventions of scientific men. Snch also are tetrake- 
dron, kexaliedron, dodecahedron, tesseraeoTiUtoetokedron, 
polyhedron, and the like. These words being oon- 
atnicted by speculfttive writers, explain themselves, or 
at leaat require only some conventional limitation, 
cnfiily adopted. Thus parallelogram might mean a 
figure bounded by any number of sets of parallel lines, 
but it is conventionally restricted to a figure cX four 
sides. Bo a great circle in a sphere means one which 
passes through the ceuter of the sphere; and a small 
cirok is any other. 80 in trigonometry, we have the 
hypotenuse (vTrortvowa), or subtending line, to desig- 
nate the line subtending an angle, and especially a 
right angla In this branch of mathematics we have 
many invented technical terms; as complement, supple~ 
Tnent, cosine, cotangent, a,gpkerical angle, the pole of a 
circle, or of a sphere. The word sins itself appears to 
belong to the doss of terms already described as sci- 
entific aj^ropriationa of common terms, although its 
origin is somewhat obscure. 

Mathematicians were naturally led to conrtruct 
these and many other terms by the progress of their 
speculations. In like manner, when aatatinomy t«ok 
the form of a specuhitive science, words were invented 
to denote distinctly the conceptions thus introduced. 
Thus the sun's annual path among the stars, in which 
not only solar, but also all lunar eclipses occur, was 
termed the ecliptic. The circle which the sun describes 
in his diurnal motion, when the days and nights ara 
equal, the Greeks called the equidiurnal (taij/itpivo^,) 
the Latin astronomers the equinoctial, and the corre- 
sponding circle on the earth was the equator. The 
eelijitic intersected the equinoctial in the equinoctial 
pmnit. The solstices (in Greek, rpmraj) were the times 
when the sun arrested his motion northwards or south- 
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wards; and the sohtUial poiata (to. rpowiKu in 
were the places in the ecliptic where he then 
The name of meridians was given to circles passing 
through the poles of the equator; the solstitial colwre 
(noXoupoi, curtailed), was one of these oirclea, which 
passes through the solstitial points, aud is intercepted 
by the horizon. 

We have horrowed from tie Arabians various astro- 
nomical terms, as Zenith, Nadir, AzivtiUk, Atmacantar. 
And these words, wliich among the Arabians probably 
belonged to the £rst class, of appropriated scientific 
terms, are for us examples of the second class, invented 
Bcientifie terms ; although they differ from most that 
we have mentioned, in not containing an etymology 
corresponding to their meaning in any language with 
■which European cultivators of science are generally 
familiar. Indeed, the distinction of our two classes, 
though convenient, is in a great measure, casual Thus 
most of the words we formerly mentioned, as parallax, 
/lorison, eclipse, though appropriated technical terms 
among the Greeks, are to us invented technical terms. 

In the construction of such terms as we are now con- 
sidering, those languages have a great advantage which 
possess ft power of forming words by composition. This 
was eminently the case with the Greek language; and 
hence most of the ancient terms of science in that lan- 
guage, when their origin is once explained, are clearly 
understood and easily retained. Of modern European 
langu^es, the German possesses the greatest facility of 
composition; and hence scientific authors in that lan- 
guage are able to invent terms which it is impossible 
to imitate in the other languages of Europe. Thus 
Weiss distinguishes his various systems of crystals as 
zwet-und-anoei-gliedrig, einrund-iihoei-ffliedrig, d/rey-und- 
drey-gliedng, die., (two-and-two-membered, one-and- 
two-membered, Ac.) And Hesael, also a writer on 
crystaUography, speaks of doitbly-one-membered edges, 
Jbur-and-tkree spaced rays, and the like. 

How far the composition of words, in such cases, 
may be practised in the English language, and the 
general question, what are the best rules aud artifices 
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mean time, I m&y obeerve that this list of inrenl 
technical terras migiit easilr be mack eahrged. Thns 
' e have the yarioas interrals, as a Foarlh, 
a Fifth, an Oelace, (Diai&garon, IHapfjUe, Diapa*«H,) a 
Coinma, which is the diflereoce of a Major and Miliar 
ToTie; we have the various Mood* or Ke^, and the 
notes of variooa lengths, aa Minima, Brer-e», Semibret^, 
Quavers. In cbemiatiy. Gat was at tirst a technical 
term invented by Van Hehnont, though it haa now 
been almost ad'^pted into common languaga I omit 
many words which will perhaps suggest themselves to 
the reader, because they belong rather to the next 
claaa, which I now proceed to notice. 

IIL The third class of technical temm conaiats of 
e cooBtmctcd by men of science, and involve 
M>me theoretical idea in the meaning which their deri- 
vation implies. They do not merely describe, like the 
I last spoken of, but describe with reference to 
some doctrine or hypothesis which is accepted as a 
portion of science. Thus latitude and longitude, ac- 
cording to their origin, signify breadth and length; 
they are used, however, to denote measures of the dis- 
tance of a place on the earth's surface from the equator, 
and from the first meridian, of which distances, one 
cannot be called lengtlt more properly than the other. 
But this appropriation of these words may be explained 
by recollecting that the earth, as known to the ancient 
geographei'S, was much further extended &om east to 
west than from north to south. The Precession of the 
equinoxes is a term which implies that the stars are 
fixed, while the point which ia the origin of the mea- 
sure of celestial longitude moves backward. The Sight 
Aicenaion of a star is a measure of its position corre* 
eponding to terrestrial longitude ; this quantity is iden- 
tical with the angular asoent of the equinoctial point, 
when the star is in the horizon in a rigJit sphere; that 
is, a sphere which supposes the spectator to be at the 
equator. The Oblique Asoengion (a term now little 
usod), is derived in like manner &om an oblique aphera 
The motion of a planet ia direct or retrograde, in am- 
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M^wenitn (siffna), or in ante-cedentia., in reference to a 
certain assumed ataadord direction for celestial motions, 
namely, the direction opposite to that of the aim's daily 
motion, and agreeing with his annual motion among 
the Btars; or with what is much more eyident, the 
moon's monthly motion. The eqitoAion of time is the 
quantity which must be added to or subtracted from 
the time marked by the aun, in order to reduce it to a 
theoretical conditioa of eqiuble progress. In like 
manner the equation of the center of the sun or of the 
moon is the angle which must be added to, or sub- 
tracted from, the actual advance of the luminary in 
the heavens, in order to make its motion equable. 
Besides the equation of the center of the moon, which 
represents the first and greatest of her deviations irom 
equable motion, there are many other eyuatiotis, by 
the application of which her motion is brought nearer 
and nearer to perfect uniformity. The second of these 
equations is c^ed the emction, the third the variaiitm, 
the fourth the annnal eqiLolion. The motion of the 
sun as affected by its inequalities is called his anomaly, 
which term denotes inequality. In the History of 
Astronomy, we find that the inequable motions of the 
sun, moon, and planets were, in a great measure, re- 
duced to rule and system by the Greeks, by the aid of 
an hypothesis of circles, revolving, and carrying in 
their motion other circles which also revolved. This 
hypothesis introduced many technical terms, as de- 
ferent, epicycle, eccentric. In like manner, the theo- 
ries which have more recently taken the place of the 
theory of epicycles have introduced other technical 
terms, as the elliptieal orbit, the radius vector, and the 
equable deeeription of areas by this radius, which phrases 
express the true laws of the planetary motions. 

There is no subject on which theoretical views have 
been so long and so extenaivelj prevalent aa astronomy, 
and therefore no other science in which there are so 
many technical terms of the kind we are now consider- 
ing. But in other subjects also, so &r as theories have 
been established, they have been accompanied by the 
introduction or fixation of technical terms. Thus, as 
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wu Ittw »d«a m the examination of the foaadations of 
UdtdtAoics, tile tenos Jbree and tTiertui derive their 
pOMsae aMBniii^ from a recognition of the first law of 
au>tii>u ; aceeivratmg /orce and emnpotition of motion 
iavulvethesecondlftw; mioving force, ttioment-wn, action 
iui>i Teaetion, are expressions which imply the third ~ 
The term vi* -eiva was introduced to express 
I'rupeny i>f moring bodies; and other tennis have 
introduce for like purposee, as impetus hy 
and work done, h^ other engineers. In the recent 
wi'itities of several French engineers, the term travail 
i» utuco. employed, to express the work done and the 
forM wbich does it: this term has been rendered bj 
labaiiTiHf/ force. The proposition which was termi 
the kifdroflatic paradoa; had this name in reference 
its violating a sapposed law of the action of foi 
The verb to gramtate, and the al»stract term gra% 
tum, sealed the establishment of Newton's theory 
the aolar system. 

in some of the acieneea, opinions, either false, 
di^uised in very fiiutaatical imagery, have prevailed: 
and the terms which have been introduced during the 
reign of such opinions, bear the impress of the time. 
Thus in the days of alchemy, the substances with 
which the operator dealt were personified ; and a metal 
when exhibited pure and free from all admixture was 
considered ns a little king, and was hence called a 
regviuB, a term not yet quite obsolete. In like man- 
ner, a substance &om which nothing more of any value 
could be extracted, was dead, and was called a caput 
vu/rtuum. Quick silver, that is, live silver (argenlum 
vivwm), was killed by certain admixtures, and was re- 
vival when restored to its pure stata 

We find a great number of medical terms which 
bear the mark of opinions formerly prevalent among 
physicians; and though these opinions hardly form a 
jmrt of the progress of science, and were not presented 
m our History, we may notice some of these ternja as 
examples of the mode in which words involve in th^, 
derivation obsolete opinions. Such words as Ayt 
lii/D""'' ' •■'*!, rnelancholy, cholera, colic, quinsy {t 
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nanlia, rrwdyxi), a auffocation), Tnegrim, migraine (he- 
mierimivmi, the middle of the skull), rieketB, (rachitis, 
frain po-xK, the baokbone), palgy, (paralygis, irapaXi>- 
o-is,) apoplexy (amHrXij^ta, a stroke), emrodg, (ai/io^ 
pofSif, hemorrhoids, a flus. of blood), vm^oathume, (eoi^ 
rupted from apoeteTne, airo'onj/m, an absceas), pkthisia 
(i^fliVtSi oonaomption), tympany (TUjumu'ta, aweUing), 
dropgf/ Qiydropgy, vSptuij/,) sdatiea, isciatica (irr^toSifn;, 
from arjfloy, the hip), catarrh (naTop/ious, a flowing 
down), dia/rrhcea (SiappUa, a flowing through), diabetes 
(Sia^jjn/s, a passing through), dysentery (Svrrtvrepla, a 
disorder of the entrails), arthritic pains (irom apOpa, 
the joints), are names derived from the supposed or 
real seat and drcumatances of the diseases. The word 
from which the first of the above names is derived 
(va-rcpa, the last place,) signifies the womb, according 
to its order in a certain systematic enumeration of 
parta. The aecond word, hypochondriae, means some- 
thing aflfecting the viscera below the cartilage of the 
breastbone, which cartilage ia called xo^^p''s; melaib- 
ehttly and ckUera derive their names from supposed 
affections of x^^^i ^^ \fi\o. Colic is that which aflects 
the cidon (kiuA.di'), the largest member of the bowels. 
A disorder of the eye is called gvUa serena (the 'drop 
serene' of Milton), in contradistinction to ff^tttn tw- 
bida, in which the impediment to vision is perceptibly 
opaka Other terms also record the opinions of the 
ancient anatomists, as duodenum, a certain portion of 
the intestines, which they estimated aa twelve inches 
long. We might add other allusions, as the tendon of 
Achilles. 

Astrology also supplied a number of words founded 
upon fancifid opinions; but this study having been 
expelled from the list of sciences, such words now sur- 
vive only ao far as they have found a place in common 
language. Thus men were termed m&rewfial, martial. 
Jovial, or mturmiie, accordingly as their characters 
were supposed to be determined by the influence of the 
planets, Mercury, Mars, Jupiter, or Saturn. Other 
expressiona, such as disaatroue, Ul-etarred, exorbitant, 
lord o/tlis aecendaiii, and henoe ascendancy, influence. 
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a eph^e of action, and the like, may Berre to Bhix#l 
how extensively astrological opinions have 
language, though the doctrine is no longer a recognized 

The preceding examples will make it manifest that 
opinions, even of & recondite and complex kind, &re 
often implied in the derivation of words ; and thus will 
show how scientific terms, framed by the cnltivatora 
of science, may involve received hypotheses and theo- 
ries. When terms are thus constructed, they serva 
not only to convey with ease, but to preserve steadily 
and to difiiise widely, the opinions which they thus 
assome. Moreover, they enable the speculator to em- 
ploy these complex conceptions, the creations of 6ci- . 
ence, and the i-eaults of much labour and thought, tut- J 
readily and familiarly as if they were convictions bop-'l 
rowed at once from the senses. They are thus power*l 
fill instruments in enabling philosophers to ascenAjB 
from one step of induction and genei-alization to a 
other ; and hereby contribute powerfully to the I 
vanoe of knowledge and truth. 

It should be noticed, before we proceed, that thQ'l 
names of natural objects, when they come to be conrtf 
sidered as the objects of a science, are selected a 
ing to the processes already enumerated. Fo 
most pai't, the natural historian adopts the commM 
names of animals, plants, minerals, gems, and the Ukw 
and only endeavours to secure their steady and cone' 
tent application. But many of these names imply m. 
peculiar, often fanciful, belief respecting the object. 

Various plants derive their names from their sa^ 
posed virtues, as /temiaria, rupture-woTt ; or from le- 
gends, as hm-ba Sancti Jokannia, St. John's loort. The 
same is the case with minerals : thns the topaz was 
asserted to come from an island so shrouded in mists 
that navigators could only conjectwre {rtyiraXfiv) where 
it was. In these latter cases, however, the legend is 
often not the true origin of the name, but is suggested 
by it 

The privilege of constructing names where they a 
wanted, belongs to natural historians no less than t 
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the cultivators of physical science; yet in the ancient 
world, writera of the former class appear rarely to 
have exercised this privilege, evea when they felt the 
imperfections of the current language. Thus Aristotle 
repeatedly mentions classes of animals -which have no 
name, as co-ordinate with classes that have names ; 
but he hardly ventures to propose names wLich may 
supply these defects^ The vast importauce of nomen- 
clature in natural history waa not recognized till the 
modern period. 

We have, however, hitherto considered only the 
formation or appropriation of single terms in science ; 
except so far aa several teiToa may in some instances 
he connected by reference to a common theory. But 
when the value of technical terms began to be fully 
appreciated, philosophers proceeded to introduce them 
into their sciences more copiously and in a more ayate- 
matic manner. In this way, the modem history of 
technical language has some features of a difierent 
aspect from the ancient; and must give rise to a sepa- 
rate Aphorisni. 

Aphokisji II. 

In ihe Modern Period of Science, besides tin three pro- 
cesses ant^ently employtd in the formation of technical 
terms, there have Euen introduced Sffstematie Nomenclature, 
Systematie TermtnoloffT/, arid the Sysltmatie Modification of 
Terms to express theoretical relations^ 

Writers npon science have gone on np to modern 
timea forming such technical terms as they had occa- 
sion for, by the three processes above described; — 



> In bis BUtary of Animali, (b. L nbicli bas since been idopted hj Ns.- 

vL|, he eays, Uut tbe grest cIbhws tamlists. 

r EniniAla ue QaBdmpeds, Birds, 1 On the sitl)ject of TermlDoloi^ 

ishea, Whalee lGelncfani\, OjsteiB Bod Nomenelftture, lee also Aplio- 

ralaceani}, anlmaJs like cmbi wliich rlama tXXX VIIL and XCVIIL con- 

av» no Rensnl tuune lOustasewu), ceming Ideu, and b. tULc 1L of tliB 

>R snlmsli [MoUatla tnd Inteeta). Bittory iifScienHfic Ideat. In tbDw 
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J ■ lume IJHalaeoilnKa, HJft-ilielled) of TerniaoUidti and Nrmendat-nTe, . 



namely, appropriatiDg And liiaitiiig worda in coma 
uae; — conatructiug for themaelveB words descriptivt 
the conception ■which they wished to convey;— 
fi-aming terms which by their signification imply the 
adoption of a. theory. Thus among the terms intro- 
duced by the study of the connexion between magnet- 
ism and electricity, the word pole is an example of t' 
£rst kind; the sejue of the Buhject, dectro-^noffneHati^tM 
of the second ; and the term current, involying an b— 
pothesis of the motion of a fluid, is an instance of t 
third class. In cliemistry, the term salt waa 
irom common language, and its meimiug extended t 
denote any compound of a certain kind; the term n 
trcd salt implied the notion of a balanced opposition in 
the two elements of the compound ; and such woi-ds as 
euhacid and superacui, invented on purpose, were in- 
troduced to indicate the cases in whiuh this balance 
was not attained. Again, when the phlogistic theory 
of chemistry was established, the term pldogUton was 
introduced to espi'ess the theory, and ii-om this such 
terms as pklogigticated and depldo'jwticated were de- 
rived, exclusively words of science. But in sucli in- 
stances as have just been given, we approach towards 
a systematic modification of terms, which is a peculiar 
process of modem times. Of this, modem chemistry 
forms a prominent example, which we shall soon eon- I 
sider, but we shall first notice the other processes men- | 
tioued in the Aphorism. 

I. In ancient times, no attempt was made to invent 
or select a Nomenclature of the objects of Natural 
Historf which should be precise and permanent. The 
omission of this step by the ancient naturalists gave 
rise to enormous difficulty and loss of time when the- d 
sciences resumed their activity. We have seen in thS" \ 
history of the sciences of classification, and of botany J 
in especial', that the early cultivators of that study il 
modern times endeavoured to identiiy all the planU | 
described by Greek and Roman writere with t" 
which grow in the north of Europe ; and were Invc 
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in entUesa txtnfQsion", by the nmltiplication of iiamea 
of plants, at the same time auperfluoua and ambiguous. 
The SyruMymiea which botaniat.t (Bauhin and others) 
fotind it necessary to publish, were the evidences of 
these inconveuiencea. In coneequenoe of the defective- 
ness of the ancient botanical nomenclature, ws are 
even yet uncertain with respect to the identification of 
Home of the most common trees mentioned by classical 
writers'. The ignorance of botanists respecting the 
impoi'tance of nomenclature operated in another man- 
ner to impede the progress of science. As a good no- 
menclature presupposes a good system of classification, 
so, on the other hand, a system of elassilication cannot 
become permanent without a corresponding nomencla- 
ture. CsesalpinuB, in the sixteenth centuiy', published 
an excellent system of aiTangement for plants; but 
this, not being connected with any system of names, 
was never extensively accepted, and soon fell into ob- 
livion. The business of framing a scientific botanical 
classification was in this way delayed for about a cen- 
tury. In the same manner, WiUoughby's classification 
of fishes, though, as Cuvier says, far better than any 
which preceded it, waa never extensively adopted, i: 



consequence of having 
vitb it, 

n. Probably o 
the work of fixing at the 
and the names of plants, ^ 



nomenclature connected 

use which so long retarded 
me time the arrangement 
s the great number of mi- 
nute and diversified particulars in the structure of eoeh 
jilant which such a process implied. The stalks, leaves, 
flowers, and fruits of vegetables, with their append- 
ages, may vary in so many ways, that common lan- 
guage is quite insufficient to express clearly and pre- 
cisely their resemblances and differences. Hence 
botany required not only a fixed system of names of 
plants, but also an artificial system of pbraaes fitted to 
describe their parts ; not only a Nojneiwlature, but also 



a Temiinol.ogy. The Terminology ■was, in fact, an in- 
strument icdiapeosably reqiiiaite in giving fixity to the 
Nomenclature. The recognition of the kinds of plants 
must depend upon the exact comparison of their re- 
semblances and differences; and to become a part of 
permanent science, tliis comparison must be recorded 
in words. 

The formation of an exact descriptive language for 
botany was thus the iirst step in that systematic con- 
struction of the technical language of science, which is 
one of the main features in the intellectual histoiy of 
modem times. The ancient botanists, as DeCandolle" 
says, did not make any attempt to select terms of 
which the sense was rigorously determined ; and each 
of them employed in his descriptions the words, meta- 
phors, or periphrases which his own genius suggested. 
In the Hwtory of Botany^, I have noticed some of the 
persons who contributed to this improvement. ' Clu- 
siuB,' it is there stated, 'first taught botanists to de- 
scribe welL He introduced exactitude, precision, neat- 
ness, elegance, method: he saya nothing superfluous; 
he omita nothing necessary.' This task was further 
carried ou by Jung and Eay°. In these authors we 
see the importance which began to be attached to the 
exact definition of descriptive terms; for example, Kay 
quotes Jung's definition of Oavlie, a stalk. 

The improvement of descriptive language, and tie 
formation of schemes of classification of plants, went 
on gradually for some time, and was much advanced 
by Toumefort But at last Linnaeus embodied and 
followed out the convictions which had gradually been, 
accumulating in the breasts of botanists; and by re- 
modelling throughout both the terminology and the 
nomenclature of botany, produced one of the greatest 
reforms which ever took place in any science He 
tkus supplied a conspicuous example of such a reform, 
and a most admirable model of a language, from which 
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other Eciencea may gather great instruction. I shall 
not here give any account of the terms and words in- 
troduced by Linnseus. They have been exemplified in 
the History of Science'; and the principles which they 
involve I shall consider separately hereafter. 1 will 
only remind the reader that the great siniplification in 
nomenclature which was the result of hia labouiB, con- 
sisted in designating each kind of plant by a biium/ 
term consisting of the name of the genus combined 
with that of the species: an artifice seemingly obvioua, 
hut more convenient in its results than could possibly 
have been anticipated. 

Since Linniens, the progress of Botanical Anatomy 
and of Descriptive Botany have led to the rejection of 
several inexact expresaiona, -and to the adoption of 
several new terms, especially in describing the atnio- 
ture of the fruit and the parts of cryptogamous planta 
Hedwig, Meditiia, Necker, Deavaux, Mirbel, and es- 
pecially Gaettner, Link, and Richard, have proposed 
several useful innovations, in these as in other parts 
of the subject; but the general mass of the words 
now current consists still, and will probably continue 
to consist, of the terms established by the Swedish 
Botanist'". 

When it was seen that botany derived so great ad- 
vantages ii-om a systematic improvement of its lan- 
guage, it was natural that other sciences, and especially 
classificatory sciences, should endeavour to follow ita 
example. This attempt was made in Mineralogy hy 
Werner, and afterwards further pursued by Mohfl. 
Werner's innovations in the descriptive language of 
Mineralogy were the result of great acuteness, an inti- 
mate acquaintance with minerals, and a moat methodi- 
cal spirit: and were in most respects great improve- 
ments upon previous practices. Yet the introduction 
of them into Mineralogy was far from regenerating 
that science, ea Botany had been regenerated by the 
Linn^aji reform. It would seem that the perpetual 
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Bcmpnloaa attentioa to most minute differencea, (as of 
luBtre, colour, fracture,) the greater paili of -which ai-e 
not really importaut, fetters the miad, I'ather than 
disciplines it or arms it for generalization. Cuvier haa 
remarked" that Werner, after hia first Essay on the 
Ckaraclers of Minerals, wrote Uttle; as if he had l>een 
airaid of using the system which he had created, and 
desirous of escaping from, the chains -which he had 
imposed upon, others. And he justly adds, that Werner 
dwelt least, in his descriptions, upon that ■which is 
really the most important feature of all, the crystalline 
structur& This, which is tnily a definite character, 
like those of Botany, does, when it can be clearly dis- 
cerned, determine the place of the mineral in a system. 
This, therefore, is the character which, of all others, 
ought to be most carefuUy expressed by an appropriate 
languaga This task, hardly begun by Werner, has 
since been fully executed by others, especially by Som§ 
de risle, Haiiy, ajid Mohs. All the forms of crystals 
can be described in the most precise manner by the 
aid of the labours of these writers and their sucoeaaors. 
But there is one circumstance well worthy our notice 
in these descriptions. It is found that the language 
in which they can best be conveyed is not that of 
words, but of symhols. The relations of space which 
are involved in the forms of crystalline bodies, though 
perfectly definite, are so complex and numerous, that 
they cannot be expressed, except in the language of 
mathematics ; and thus we have an extensive and 
recondite branch of mathematical science, which is, in 
fact, only a part of the Terminology of the minera- 

The Terminology of Mineralogy being thus reformed, 
an attempt was made to improveits Nomenclature also, 
by following the example of Botany. Professor Mohs 
was the proposer of this innovation. The names fi:amed 
by him were, however, not composed of two but of 
three elements, designating respectively the Species, 
the Genus, and the Order" : thus ho has such spec ' 

•' Aiogtn, 11. 314. 1' Eisl. IiuL Sn b. iv. a U. 
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RkoTnhokedral Lime Haloide, Oclaliedral Fluor Salouie, 
Frismatie Hal Baryte. These namea haye not been 
generally adopted; nor is it likely ttat any namea 
conatnioted on such a Bchome will find acceptance 
among mineralogiste, till the higher divisions of the 
system are found to have some definite character. We 
see no real mineralogieal significance jn Mohs'a Genera 
^d Orders, and hence we do not expect them to retain 
a permanent place in the science. 

The only systematic names which have hitherto 
been generally admitted in Mineralogy, are those ex- 
pressing the chemical constitution of the substance ; 
and these belong to a syatem of technical terms dif- 
ferent from any we have yet spoken of, namely to 
terms formed by syatematio modification. 

III. The language of Chemistry was already, as we 
have seen, tending to assume a systematic character, 
even under the reign of the phlogiston theory. But 
when oxygen succeeded to the throne, it very fortu- 
nately happened that its supporters had the courage 
and the foresight to undertake a completely new and 
systematic recoiiago of the terms belonging to the sci- 
ence. The new nomenclature was coustnicted upon a 
principle hitherto hardly applied in science, but emi- 
nently commodious and fertile; namely, the jirinciple 
of indicating a modification of relations of elements, 
by a change in the termination of the word. Thus 
the new chemical BoUool spoke of sulphwric and sujph- 
uraaa acids; of sulpha/^ and sulphi<«« of bases; and 
of sulphured of metals ; and in like manner, of phos' 
piwric and ^aspharoua acids, of phosp/iafes, ^ho&phUes, 
phosTjAwrets. In this manner a nomenclature was pro- 
duced, in which theveryname of a substance indicated 
at once its constitution and pla<ie in the system. 

The introduction of this chemical language can never 
cease to be considered one of the moat important steps 
ever made in the improvement of technical terms; and 
as a signal instance of the advantages which may re- 
sult from artifices apparently trivial, if employed in a 
manner conformable to the kws of phenomena, and 
systematically pursued. It was, however, proved that 

18—2 



iiua language, vith all its merits, had some defeot 

The relations of elementa in com|)ositio 

covered to be more numeroTia than the modea of 
expresaiou which the terminations Hnpplied. Besides 
the Bulphurous and sulphuric acidn, it appeared there 
were others; these were called the hi/posulpkurous and 
hypoeuiphwic: but these names, though convenient, 
no longer implied, by their form, any definite relation. 
The compounds of Nitrogen and Oxygen are, in order, 
the Protoxide, the Setiioxide or Binoxide; Bypo- 
mtrojis Acid, Nitrous Acid, and Nitric Acid. The 
nomenclature here ceases to be systematic. We have 
three oxides of Iron, of which we may call the first the 
Protoxide, but we cannot call the others tlie DeuUixide 
and Triioxide, for by doing so we should convey a 
perfectly erroneous notion of the proportions of the 
elements. They are culled the Protoxide, the Slaek 
Oxide, and the Peroxide. We are here thrown back 
upon teiTus quite unconnected with the system. 

Other defects in the nomenclature arose from errours 
in the theory; as for example the names of the muri- 
atic, oxymuriatic, and hyperoxymuriatic acids; which, 
after the establishment of the new theory of chlorine, 
were changed to kydroddorio acid, chlorine, and ddoric 

Thus the chemical system of nomenclatiire, founded 
upon the oxygen theory, while it shows how much may 
be effected by a good and consistent sqheme of ternaa, 
framed according to the i-eal relations of objects, proves 
also that such a scheme can hardly be permanent in 
its original form, but will almost inevitably become 
imperfect and anomalous, in consequence of the accu- 
mulation of new facta, and the introduction of new 
generalizations. Still, we may venture to say that 
such a scheme does not, on this account, become worth- 
leas; for it not only answers its purpose in the stage of 
scientific progress to wliich it belongs ;— so fivr as it is 
not erroueoiia, or merely conventional, but really sys- 
tematic and significant of truth, its terms can be trans- 
lated at once into the language of any higher gener 
zation wliich is afterwards arrived at. If terms e: 
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relations really aficertained to be true, tlioy can never 
lose their value by aiiy change of the received theory. 
They are like coins of pure metal, which, even when 
carried into a country which doea not recognize the 
sovereign whose impress they bear, are still gladly re- 
ceived, and niay, by the addition of au explanatory 
mark, continue part of the common currency of the 
country. 

These two great instances of the reform of scientific 
language, in Botany and in Chemistry, are much the 
most important and instructive events of this kind 
■which the hiatoiy of science offers. It is not necessary 
to pursue our historical survey further. Our I'emain- 
ing Aphoriams respecting the Language of Science 
■will be collected and illustrated indiscriminately, from 
the precepts and the ejtamples of preceding phSoso- 
phoiB of all periods". 

We may, however, remark that Aphorisms III., IV., 
v., VI., VII., respect peculiarly the Formation of 
Technical Terms by the Appropriation of Common 
Words, ■while the remaiuing ones apply to the Forma- 
tion of New Terms. 

It does not appear possible to lay down a system of 
rules which may determine and regulate the constnic- 
tiou of all technical terms, on all the occasions on 
which the progress of science makes them necessary or 
convenient. But if we can collect a few masinis such 
as have already offered themselves to the minds of phi- 
losophers, or such as may be justified by the instances 
by which we shall illustrate them, these maxims may 
avail to guide us in doubtful cases, and to prevent our 
aiming at advantages which are unattainable, or being 
disturbed by seeming imperfections which are really 
no evils. I shall thei'efore state such maxims of this 
kind as seem most sound and useful. 
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Apuorisk IIL 
/n framing telattifie temtt, the appropriation of t 
wordi a preftrrabU to the invention of new onei. 

This maxim is stated by Bacon in his osaal strikiiig' 
■nfloner. After mentioning Metaphyaie, as one of the 
divisions of Natural Philosophy, he adds ' ; ' Wherein 
I desire it may he conceived that I use the word Toeta- 
p/iT/nc in a. difierent sense from that that is received : 
and in like manner I donbt not but it will e&dlj 
ap{)ear to men of judgment that in this and other par- 
ticulars, wheresoever my conception and notion may 
differ froni the ancient, yet I am studious to keep the 
ancient terms. For, hoping well to deliver myself fi-om 
mislftking by the order and perspicnona expressing of 
that I do propound; I am otherwise zealous and affec- 
tionate to recede as little &om antiquity, either in 
tenns or opinions, as may stand with truth, and the 
proficience of knowledge, ... To me, that do desire, 
as much as lieth in my pen, to ground a sociable inter- 
course between antiquity and proficieuce, it seemeth 
best to keep a way with antiquity usqiie ad araa; and 
therefore to retain the ancient terms, thongh I some- 
times alter the uses and definitions; according to the 
moderate proceeding in civil govemmentB, when, al- 
though there be some alteration, yet that holdeth 
which Tacitus wisely noteth, eadeni magistratuum 
vocabula.' 

We have had before us a sufficient number of ex- 
amples of scientific terms thus framed ; for they formed 
the first of three classes which we described in the 
First Aphoiism. And we may again I'cmark, that 
Bcience, wlien she thus adopts temis which are in com- 
mon use, always limits and fixes their meaning in 
a technical manner. We may also repeat here the 
warning already given respecting terms of this kind, 
that they are peculiarly liable to mislead readers who 
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t!o not take care to underafcand tliem in their technical 
instead of their comnjon aigniilQation. Force, montea- 
tum, inertia, impetus, mn viva, are tennn which are 
very uaefiil, if 'we rigorously bear in mind the import 
which belonga to each of them in the beat treatises on 
Mechanics; but if tie reader content himself with 
conjecturing their meaning from the context, his 
knowledge will be confused and worthless. 

In the application of this Third Aphorism, other 
rules are to be attended to, which I add. 



n viords are appropriated as teohacal terms, 
their meaning and relationt in common vse should be retained 
as far as can conveniently be done. 

T wiij, state an example in which this rule seems to 
be applicable. Mr Davies Gilbert' has recently pro- 
posed the term e£iinency to designate the work which 
a machine, according to the force exerted upon it, ia 
capable of doing; lie work being measured by the 
weight raised, and the apiice through which it is raised, 
jointly. The usual term employed among engineers 
for the work which a machine actually does, measured 
in the way just stated, is duty. But as there appears 
to be a little incongruity in calling that work efftcimuy 
which the machine ought to do, when we call that 
work duty which it really does, I have proposed to 
term these two quantities theoretical efficiency and 
practioal efficieney, or theoretical dvty and practical 
duty'. 

Since copimon words are often vague in their mean- 
ing, 1 add as a uocessary accompaniment to the Third 
Aphoi-iam the following ; — 



aj, p. 33. riHHii dv.ly. This ti 
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When common worth are appropriated ai technkal terms, 
thtir mianing mat/ be modified, and miut be rigoroatli) fixed. 

This is stated by Bactm in the above extract 
retain the ancient tenns, though I sometimea alter 
van and definitions' The scientific use of the teroi! 
in all caeea much more precise than the 
The loose notions of velocity and /oree for iustanc^ 
which are Bufficient for the usual porpoaea of language, 
require to be fixed by exact measures when these atg 
made terms in the science of Mechanics. 

This scientific fixation of the meaning of words 
be looked upon as a matter of convention, although it 
is in reality often an inevitable i-esult of the pi-ogresa 
of science. MomentuTn, is conventionally defined t- 
the product of the numbers exptessing the weight 
the velocity; but then, it could be of no use i 
pressingthelawsof motion if it were defined othei 

Hence it ia no vaKd objection to a scientific 
that the word in common language does not 
exBctly the same as in ita common use. It is no 
sufficient reason against the use of the term acid for a 
class of bodies, that all the substances belonging to 
this class are not sour. "We have seen that a Irape- 
ziuin, is uaed in geometry for auy four-sided figure, 
though originally it meant a figure with two opposite 
sides parallel and the two others equal. A certain 
stratum which lies below the chalk ia termed by 
English geologists the green sand. It has sometimea 
been objected to this denomination that the atratum. 
has very frequently no tinge of green, and that it is 
often composed of lime with little or no sand. Yet 
the term is a good technical term in spite of 
apparent improprieties; so long a ' ' 
plied to that stratum which is geologically equivi 
to tlie gi-eenish sandy bed to which the appellatii 
originally applied. 

When it appeared that geometry would have to 
employed as much at least about the heavens as 
ear' ^' n exclaimed against the folly. of calling 
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science by Biiclt a name j Biiice tie word aignifiea 
'earth-measuringi' yet the word geometry has retained 
ita place and answered its purpose perfectly well up to 
the present day. 

But though the meaning of the term may be modi- 
fied or extended, it must he rigorously fixed when it is 
appropriated to science. This process is most abun- 
dantly exemplilied by the terminology of Natural His- 
tory, and especially of Botany, in which each term has 
a mast precise meaning assigned to it. Thus Linnteu.'} 
eatabliahed exact distioetions hetween/ascmdiM, eapi- 
tulu/ia, racemug, thyrsus, paniculus, apka, antenlum, 
corywhvs, vmbella, ci/ma, vertidllua; or, in the lan- 
guage of English Botanists, a, tuft, a, Jiead, a duster, a 
hunehf a panicle, a spike, a catkin, a. corymb, an UTnhel, 
a eyme, a whorl. And it has since been laid down as 
a rule', that each organ ought to haye a separate and 
appropriate name; so that the term leaj", for instance, 
shall never be applied to a leaflet, a braetea, or a sepal 
of the calyx. 

Botanists have not been content with fixing the 
meaning of their terms by verbal definition, but have 
also illustrated them by figures, which address the eye. 
Of these, as excellent modem examples, may be men- 
tioned those which occur in the works of Mirbel', and 
Lindley'. 
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in toordM are appropriated at teekrtUat terms, 
this must be done 10 that thm/ are tu>t antbiguoua in their 
application. 

An example will explain this maxim. The condi- 
tions of a body, as a solid, a liquid, and an air, have 
been distinguished as different />rjiM of the body. But 
the word form,, as applied to bodies, has other mean- 
ings; so that if we were to inquire in wJiat form, 
water exists in a snov-cloud, it might be doubted 
whether the forma of crystallization were meant, or 
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the different forms of ice, water, and vapour. Hence | 
I have proposed' to reject the term/eyrm in eadi c 
and to speak of the different consistence of a body in 
these conditions. The term eortsistejiee is usuaUj ap- 
plied to conditions between solid and fluid ; and may 
without effort be extended to those limitin g conditions 
And though it may appear more harsh to extend the 
term coii^gtence to the state of air, it may be justified 
by what has been said in speaking of Aphorism V. 

I may notice another example of the necessity of 
avoiding ambiguous words. A philosopher who makes 
method his study, would naturally be termed a viethod- 
ist; but unluckily this word is already appropriated 
to a religions sect ; and hence we could hardly ventore 
to speak of Cnsalpinus, Bay, Morisou, Bivinus, Tour- 
nefort, linntens, and their successors, as botanical wi*- 
thodiaU. Again, by this maxim, we are almost debar- 
red irom using the term physiman for a cultivator of 
the science of physics, because it already dgniliea a 
practiser of physio. We might, perhaps, still use phy- 
sician as the equivalent of the French phygiciett, in 
virtue of Aphorism V. ; but piMbably it would be bet- 
ter to form a new word. Thus we may say, that wbile 
the Naturalist employs principally the ideas of resem- 
blance and life, the Fhysieist proceeds ujwn the ideas 
of force, matter, and the properties of matter. 

Whatever may be thought of this proposal, the 
maxim which it implies is frequently Tisefiil. 

Aphobism VIT, 

II is later to form nevi words as technical terms, Itm to 
employ old ones in u'&ieA lAe last tJirtt Aphorisms cannot bs 
complied with. 

The principal inconvenience attending the employ- 
ment of new words constructed expressly for tbe uaa 
of science, is the difficulty of effectually introdncinit ' 
them. Readers will not readily take. the trouble to ' 
learn the meaoing of a word, in which the memory is 
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1 by some obvious Buggeation. connected with 
e of language. When this difficulty is 
lew word b better than one merely ap- 
propriated j since it is more secure from Ta^enese and 
confasioti. And in cases where the inconveniences 
belonging to a scientific use of common words become 
great and inevitable, a new word must bo framed and 
intraduced. 

The Maxima which belong to the construction of 
such words will be stated hereatter ; but I may notice 
an instance or two tending to show the necessity of 
the Maxim now before us. 

The word Force haa been appropriated in the science 
of Mechanics in two senses i as indicating the cause of 
motion; and again, as expressing certain measures of 
the effects of this cause, in the phraseH acceleratinff 
Jbrce and vnomng force. Hence we might have oooa- 
sion to speak of the accelerating or moving force of a. 
certain /orce,- for instance, if we were to say that the 
force which governs the motions of the planets resides 
in the sun; and that the accelerating force oythia/orce 
varies only with the distance, but its moving force 
vaties as the product of the mass of the sun and the 
planet. This is a harsh and inCongruotiB mode of ex- 
pression; and might have been avoided, if, instead of 
aceelerating force and moving force, single abstract 
terms had been introduced by Newton ; if, for in- 
stance, he had said that the velocity genei-ated in a 
second measures the accderatvoity of the force which 
produces it, and the momentum produced in a second 
measures the nwtiuity of the force. 

The science which treats of heat has hitherto had no 
special designation : treatises upon it have generally 
been termed treatises (ht Heat. But this practice of 
employing the same term to denote the property and 
the science which treats of it, is awkward, and often 
ambiguous. And it is further attended with this in- 
convenience, that WQ have no adjective derived from 
the name of the science, as we have in other oases, 
when we speak of acoustical experiments and optical 
theories. This inconvenience has led various persons 
to suggcalj names for the Science of Heat. M. Comte 



tertas it Thermcloffy. In the Mistary i^ the S 
I hare named it Themtotta, which appears to me to 
agree better with the analogy of the names <^ other 
corresponding Bciencea, Aamatiet and Optiea. 

Eleetrir^y ia in the same conditioii as Heat; haring 
only one word to espress the property and the science. 
i^L Le Corote proposes Etectrdogy : for the same reason 
as before, I nhouM conceiye Et^rict more agreeable to 
analogy. The coincidence of the word with the plural 
of Electric would not give rise to antbiguity ; for BUc- 
trica, taken as the uame of a science, would be aingnlar, 
like Optica and Mechanics. But a term offers itself to 
express cammon or nuuhijie EleHrtcg, which sppe&i« 
worthy of admission, though involiing a theoretical 
view. The received doctrine of the difference betweea 
Voltaic and Common Electriraty is, that in the former 
case the fluid muat be considered as in motion, in the 
latter aa at rest. The science which treats of the for- 
mer class of subjects is commonly termed £leetrod>f- 
■iiamicg, which obviously suggests the name Electro- 
gtalicg for the latter. 

The subject of the Tides is, in like mam 
of any name which designates the science concemfid 
about it I have ventured to employ the term Tid ' 
loffy, having been much engaged in tidological : 



Many persons possess a peculiarity of vision, fl 
disables them from distinguishing certain colours, 
examining many such cases, we ^d that in all such 
persons the peculiarities are the same ; all of them 
confounding scarlet with green, aiid pink with blue- 
Hence they form a class, which, for the convenience of 
physiologists and others, ought to have a fixed desig- 
nation. Instead of calling them, as has usually been 
done, ' persons having a jieculiarity of vision,' we might 
take th Greek term implying this meaning, and term 
them Idioplg. 

But my husiness at present ia not to speak of the 
selection of new terms when they are introduced, but 
to illustrate the maxim that the necessity for their in- 
troduction often arises. The construction of n 
ited of BuhaequLeatly. 
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Aphorism VllT. 

Terms mast be conaCrueCed and impropriated so m to be 
fitted to enunciate limply and clearly true general pro- 
positions. 

This Apliorism may be considered as the fimdameu- 
tal principle and anpreme rule of all scientific termi- 
nology. It is asserted by Cuvier, speaking of a par- 
ticular caae. Thus he says' of Gmeliii, that by placing 



he had rendered e 
; the organization 



the lamantin in the genus of morses, and the ai 
the genus of eels, 
position respecting 
impossible. 

The maxim is true of words appropriated aa veil 
aa invented, aiid applies eiually to the raathematica!, 
chemical, and classificMtory sciences. "With regard to 
most of these, and especially the two former classes, it 
has been abundantly exemplified already, in what has 
previously been said, and in the Hhtoryofthe Sciences. 
For we have there had to notice many technical terms, 
with the occasions of their introduction; and all these 
occasions have involved the intention of expressing in 
a convenient manner some truth or supposed truth. 
The terms of Astronomy were adopted for the purpose 
of stating and reasoning upon the relations of the ce- 
lestial motions, according to the doctrine of the sphere, 
and the other laws which were discovered by astrono- 
mers. The few technical terras which belong to Me- 
chanics, force, velocity, ituymenkwra, inertia, itc., were 
employed from the first with a view to the expression 
of the laws of motion and of rest; and were, in the 
end, limited so as truly and simply t<i express those 
laws when they were fully ascertained. In Chemistry, 
the term phlogiston was useful, as has been shown in 
the History, in classing together processes which really 
are of the same nature; and the nomenclature of the 
oxygen theory was still preferable, because it enabled 
the cbemwt to express a still greater number of gene- 
ral truths. 
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To the coimexioii here asserted, of theory and 

menclfltitre, we have the testiinoiiy of the aathor ol* 
the oxygen theory. In the Prefiice to his Ckeinistry, 
LsToisier says : — ' Thus while I thought myself em- 
ployed only in forming a Nomeuclatim', and while 1 
proposed to myself nothing more than to improve the 
chemical language, ray work transformed iteelf by de- 
grees, without my being able to prevent it, into a 
Treatise on the Elements of Chemistry.' And he then 
proceeds to show how this happened. 

It is, however, mainly through the progress of Na- 
tural History in modem times, that philosophera have 
been led to see the importance and necesaty of new 
terms in expressing new truths. Thus Harvey, in the 
Pre&ce to his work on Generation, says : — ' Be not 
offended if in setting out the History of the I^ I 
make use of a new method, and sometimes of onusual 
terms. For as they which find out a new pUntatii 
and new shores call them by names of their own col 
ing, which posterity afterwards accepts and receives, 
HO those that find out new secrets have good title to 
their compellation. And here, methinka, I hear Galem 
advising : If we consent in the thiug», contend not:' 
about the words.' 

The Nomenclature which answers the purposes of 
Natural History is a Systenoatic Nomenclature and 
will be further considered under the nest Aphorism. 
But we may remark, that the Aphorism no' 
lis governs the use of words, not in science only, but 
in common language also. Are we to apply the namo 
JUh to animals of the whale kind 1 The answer is de- 
termined by our present rule : we are to do ao, or nol^ 
accordingly as we can best esprCss true propositions. 
If we are speaking of the internal structure and phy- 
siology of the animal, we must not call them_^!»A,' for 
in these respects they deviate widely from fishes ; they 
have warm Mood, and produce and suckle their young 
as land quadrupeds do. But this would not prevent 
our speaking of the lolude-fialim-y, and calling such Rni- 
mals^A on all occasions connected with this employ. 
'ir the relations thus arising depend upon the 
the water, and being caught in. 
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railar to other fishes. A plea tliat human 
laws which, mention fish do not apply to whales, would 
T>e rejected at once by an intelligent judge. 

[A bituminiferous deposit which occurs amongst the 
coal measures in the neighbourhood of Edinbui^h was 
used as coal, and called ' Boghead Caiinel Coal.' But 
B. lawsoit arose upon the question whether this, which 
geologically w^ not the coal, should be regai-ded in 
l^w as aoal. The opinions of chemists and geologists, 
as well as of lawyers, were discrepant, and a direct 
decision of the case was evaded'.] 



Aphorism IX. 

In the Classificatory Se'ienca, a SysCemalia Nomencla- 
ture it necessary; and the Syatetn and the Komenclaiure are 
each essential to the utility of the other. 

The inconveniences arising from tUe want of a good 
Nomenclature were long felt in Botany, and are still 
felt in Mineralogy. The attempts to remedy them by 
Synonymiea are very ineflective, for Buch. comparisons of 
synonyms do not supply a systematic nomenclature; 
and such a one alone can enable us to state general 
truths respecting the objects of which the classifi.catory 
sciences treat. The System and the Names ought to 
be introduced together; for the former is a collec- 
tion of asseiteiJ analogies and resemblances, for which 
the latter provide simple and permanent expressions. 
Hence it has repeatedly occurred in the progress of 
Natural History, that good Systems did not take root, 
or produce any lasting effect among naturalists, because 
they were not accompanied by a corresponding No- 
menclature. In this way, as we have already noticed, 
the excellent botanical System of Gtesalpicus was 
without immediate effect upon the science. The wort 
of Willughby, as Cuviei" says ', forms an epoch, and 
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a happy epoch in Ichthyology; yet because "Willnglll 
had no NomcncIatiirB of his own, and no fixed i 
for his genera, his immediate iniluence "was not gi'eat. 
Again, in speaking of Sohlotheim's work containing 
representations of fossil vegetabies, M. Adolplie Bron- 
gniart observes' that the tigures and descriptiona are 
'so good, that if the author had established a nomen- 
clature for the objects he describes, hia work would 
have beeome the basis of all aucoeeding labours on 
the subject. 

Aa additional examples of cases in which the im- 
provement of classification, in recent times, has led 
philosoptera to propose new names, 1 may mention 
the term FcecUite, proposed by Mr. Conybeare to de- 
signate the group of strata which lies below the oolites 
and lias, including the new red or variegated sand- 
stone, with the keuper above, and the magnesian' lime- 
stone below it. Again, the traoaitioa districts of our 
island have recently been reduced to system bj Pro- 
fessor Sedgwick and Mr. Murchiaon; and this step has 
been marked by the terms Camhrian system, and 
Silurian ^atem, applied to the two great groups of 
formations which they have respectively examined, 
and by several other names of the subordinate mem.- 
bers of these formations. 

Thus System and Nomenclature are each eaaential 
to the other. Without Nomenclature, the system is 
not permanently incorporated into the general body of 
knowledge, and made an instrument of future progress- 
Without System, the names cannot express general 
truths, and contain no reason why they should be em- 
ployed in preference to any other names. 

This has been generally acknowledged by the most 
philosophical naturalists of modem times. Thus Lin- 
meus begins that part of his Botanical Philosophy in 
which names are treated of, by stating that the found 
tion of botany is twofold, Diapomtion and Denomin 
limi; and he adds this Latin line. 
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And Cuvier, in the Preface to his Animal Kingdom, 
exiilains, in a veiy Btriking manner, how tlie attempt; 
to connect zoology with anatomy ied him, at the same 
time, to reforai the classifications, and to correct the 
nomenclature of preceding zoologists. 

I have stated that in Mineralogy we are still desti- 
tate of a good nomenclature generally current. From 
what haa now been said, it will ba seen that it may 
be very far from easy to supply this defect, since we 
have, as yet, no generally received system of mineralo- 
gical claiaification. Till we know what are really 
different species of minerals, and in what larger 
groups these species can be arranged, so as to have 
common properties, we shall never obtain a permanent 
mineralogical nomenclature. Thus Leucocydite and 
Tesadite are minerals previously confounded with 
Apophyllite, which Sir John Herschel and Sir David 
Brewster distinguished by those names, in consequence 
of certain optical properties which they exhibit. But 
are these properties definite distinctions! and are 
thei-e any external differences corresponding to them ) 
If not, can we consider them as separate species? and 
if not separate species, ought they to have separate 
names? In like manner, we might ask if AttgiCe and 
Somhlende are really the same species, as Gustavus 
£ose has maintained? if Diallage and HypeTstheiu) are 
not definitely distinguished, whioh haa been asserted 
by Kohell 1 Till such questions are settled, we can- 
not have a fixed nomenclature in mineralogy. What 
apjieara the best course to follow in the present state 
of the science, I shall consider when we come to speak 
of the form of technical terms. 

I may, however, notice here that the main Forms 
of systematic nomenclature are two ; — terms which 
are produced by combining words of higher and lower 
generality, as the binary names, consisting of the name 
of the genus and the species, generally employed by 
natural historians since the time of Linnieus; — and 
terms in which some relation of things is indicated by 
a change in the form of the word, for esaniple, an 
alteration of its termination, of which kind of nomen- 
Nov. osa 19 
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e have a conapicuoua example ia 



New terma and changes of termi, wliich a 
order to express truth, are to be avoided. 

Aa the Scyenth Aphorism asserted that noTelffl l 
in language may be and ought to ho introduced, when 
they aid the enunciation of truths, we now declare 
that they are not adniissihle in any other case. New 
terms and new ayatema of terms are not to he intro- 
duced, for example, in virtue of their c 
aymnietry, or other merits, if there is 
their use. 

I may mention, as an old example of a superfluoua 
attempt of this kind, an occurrence in the hiatoiy of 
Astronomy. In 1628 John Bayer and Julius Schiller 
devised a Cfdum Ckrislianum, ia which the common 
names of the planets, 4c., were replaced by those of 
Adam, Mosea, and the Patriarchs. The twelve Signs 
became the twelve Apostles, and the constellations 
became sacred places and things. Peireskiua, who had 
to pronounce upon the value of this proposal, praised 
the piety of the inventors, but did not approve, he 
aaid", the design of perverting and confounding what- 
ever of celestial information from the period of the 
earliest m.emory is found in books. 

Nor are slight anomalies in the existing language of 
science sufficient ground for a change, if they do not 
seriously interfere with the expression of our know- 
ledge. Thua Linnseus says' that a fair generic name 
is not to be exchanged for another though apter one : 
and' if we separate an old genus into several, we 
must try to find names for them among the synonyms 
which describe the old genus. This maxim excludes 
the restoration of ancient names long disused, no less 
than the needless invention of new ones. Linnieas 
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lays down this rale'; and adds, that the botanists of 
the sixteenth centmy ■well nigh mined botany by their 
anxiety to recover the ancient names of plants. In 
like manner Cuvier' lamenta it as a misfortune, that 
he has had to introduce many new names; and declares 
earnestly that he has taken great pains to preserve 
those of his predecessors. 

The great bulk ■which the Synonymy of botany and 
of mineralogy have attained, shows us that this maxim 
has not been universally attended to. In these caisee, 
however, the multiplication of different names for the 
same kind of object has arisen in general trom ignor- 
ance of the identity of it under different circumstances, 
or fi-om the want of a system which might assign to 
it its proper place. But there are other instances, in 
which the multiplication of names has arisen not from 
defect, but from eseess, of the spirit of system. The 
love which speculative men bear towards aymmetry 
and completeness is constantly at work, to make them 
create systems of classification more regular and more 
])erfect than can be verified by the facts : and as good 
systems are closely connected with a good nomeucla' 
ture, systems thus erroneo^us and superfluous lead to 
a nomenclature ■which is prejudicial to science. For 
although such a nomenclature is finally expelled, when 
it is found not to aid us in expressing the true laws 
of nature, it may obtain some temporary s'way, during 
■which, and even afterwards, it may be a source of 
much confusion. 

We have a conspicuous example of such a residt in 
the geological nomenclature of Werner and his schooL 
fhuB it was assumed, in Werner's system, that his 
Mrai, Second, and 2'hird Flotz Limestone, his Old and 
New Med Saridatone, were universal formations; and 
geologists looked upon it as their business to detect 
these strata in other countries. Names were thus 
assigned to the rocto of various parts of Europe, which 
created immense perplexity before they \/ers again 
ejected. The geological terms which now prevail, for 
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instance, tliose of Smith, are for the most part not 
systematic, but are borrowed froQi accidents, as locali- 
ties, or popular iiamea; aa Oxford Clwij ajid Com- 
brae/t; and hence they are not liable to be thrust out 
on a change of system. On the other hand we do not 
find sufficient reason to accept the system of n&mes of 
strata proposed by Mr. Conybeare in the Iiitrodfictioti 
to the Geology of England and Wales, according to 
which the Carboniferoiit Socks are the Medial Order, 
— having above them the Supermedial Order {N^ew Seel 
Sand, OfAitea and Ckalk), and above these the &ipe- 
rior Order {Tertiary Mocka) ; and again, — having 
below, the Suhmedial Order (the Transition Mocks), 
and the Inferior Order {3fiea Slate, Gnmss, Granite). 
For though these names have long been propo.sed, it 
does not appear that they are useful in enunciating 
geological truths. We may, it would seem, pronounce 
the same judgment respecting the system of geological 
names proposed by M. Alexander Brongniart, in hia 
Tableau dea Terrains qui eomposent VScorce du Globe. 
He divides tliese strata into nine classes, which he 
terms Teirravns Alluviens, Lysieng, Pyrogenes, Clya~ 
miens, Yuemiens, ffemilysiens, Agalyaiens, Plvtoniquea, 
Vuleani^ues. These classes are again variously subdi- 
vided : thus the Terrains Yzemiena are Thalaasiquee, 
Pdagiques, and Abyssiques; and the Abyasiquea ta^e 
subdivided into Idas, Keuper, Conchiliene, PcecilienK, 
Peneens, Sudimenlfdrea, Untritigues, Houillers, Carbo- 
nifera and Ores Rouge Aneien. Scarcely any amount 
of new truths would induce geologists to burthen 
themselves at once with this enormous system of new 
names : but in fact, it is evident that any portion of 
truth, which any author can have brought to light, 
may be conveyed by means of a much simpler apjiara- 
tus. Such a nomenclature carries its condemnation 
on its own £ice. 

Nearly the same may be said of the systematic no- 
menclature proposed for mineralogy by Professor Moha 
Even if all hia Genera be really natural groiips, (a doe- 
trine which we can have no confidence in till they are 
coniii'med by the evidence of chemistry,} there is no 



necessity to make so great a change in the received 
names of minerals. His proceeding in this respect, so 
different fi-om the temperance of LinnEena and Cnirier, 
has probably ensured a speedy oblirion to this part of 
Ilia system. In crystallography, on the other hand, in 
which Mohs'a improvements have been very valuable, 
there are several tenna introduced by him, as rkombo- 
Jisdron, scaknohedron, fietnUiedral, Byttema of crystalli- 
zation, which will probably be a permanent portion of 
the language of science. 

I may remark, ia general, that the only persona who 
succeed in making groat alterations in the language of 
science, are not those who make names arbitrarily and 
as an ex.erci8e of ingenuity, but those who have much 
new knowledge to communicatej so that the vehicle is 
commended to general reception by the value of what 
it contains. It is only eminent diwoverera to whom 
the authority is conceded of introducing a new system 
of namesj just as it is only the highest authority in the 
state which has the power of putting a new coinage in 
circulation. 

I will here quote some judieioua remarks of Mr. 
Howard, wkicli fall partly under this Aphorism, and 
partly under some which follow. He had proposed, aa 
names for the kinds of clouds, the foUowing; Gimia, 
C'irrocumulus, Cirrostratits, Curmiioslratus, Civmtdus, 
Nimhua, Stratus. In an abridgment of his views, given 
in the Supplement to the Encyclopmdla Britannica, En- 
glish names were proposed as the equivalents of these; 
Curldovd, Sondercloud, Wanedoud, Twcdndoud, Stack- 
micloud, Raincloud, Falleloud. Upon these Mr. How- 
ard observes : ' I mention these, in order to have the 
opportunity of saying that I do not adopt them. The 
names for the clouds which I deduced fram the I^tin, 
are but seven in number, and very easy to I'cmember. 
They were intended as arbitrary lerau for the structure 
of clouds, and the meaning of them was carefully fixed 
by a definition. The observer having once made him- 
self master of this, was able to apply the term with 
correctness, after a little experience, to the subject 
under all its varieties of form, colour, or position. The 




new name?, if meant to be another set of arbitrary 
Hupetfluoua ; if ititeiidijd to convey in thera- 
selves an explanation in English, they fail in this, by 
applying to some part or circumstance only of the defi- 
nition; the whole of wLich must bo kept in view to 
study the aubject with success. To take for an ex- 
ample the first of the modifications. The term eirrus 
very readily takes an abstract meaning, equally appli- 
cable to the rectilinear as to the flexuoua forms of the 
subject. But the name oi curlrcloud will not, without 
some Tiolence to its obniovs aenm, acquire this moi-e 
extensive one : and will therefore be apt to mislead the 
reader rather than further his progress. Others of 
these names are as devoid of a meaning ohriouB to the 
English reader, as the latin terms themselves. But 
the principal objection to English or any other local 
tenns, remains to be stated. They take away from 
the nomenclature its general advantage of constitut- 
ing, aa jar as it goes, an universal language, by means 
of which the intelligent of every country may convey 
to each other their ideas without the necessity of 
translation.' 

I here adduce these as examples of the arguments 
against changing an established nomenclature. As 
grounds of selecting a new one, they may be taken 
into account hereafter. 



Aphorism XI, 
Terms wliiak imply thEontkaC views are admisMtble, as 
Jar as the theory is proved. 

It is not unirequently stated that the circumstances 
from which the names employed in science boiTow their 
meaning, ought to be facts and not theories. But euch 
a recommendation implies a belief that facts are rigor- 
ously distinguished from theories and directly opposed 
to them ; which belief, we have repeatedly seen, ia un- 
founded. When theories are firmly established, they 
become facts j and names founded on such theoretical 
views are unexceptionable. If we speak of the minor 
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axia of Jupiter's orbil, or of his density, or of the angle 
of rffraction, or the length of an undtUation of red 
light, we assume certain theoriea; but inasmuch as the 
theories are now the inevitable interpretation of aacer- 
tainetl foots, we can have no better t«rms to designate 
the conceptions thus referred to. And hence the rule 
which we must follow is, not that our terms must 
involve no theory, but that they imply the theory only 
in that sense in which it ia the intei-pretation of the 

For example, the term polarisation of light was ob- 
jected to, as involving a theory. Perhaps the term 
was at first suggested by conceiving light to consist of 
]jarticles having poles turned in a particular manner. 
But among intelligent speculators, the notion of polar- 
ization soon reduced itself to the simple conception of 
opposite properties in opposite positions, which ia a bare 
statement of the fact: and the term being understood 
to have this meaning, is a perfectly good term, and 
indeed the best which we can imagine for designating 
wliat is intended. 

I need hardly add the caution, that names involving 
theoretical views not in accordance with facts are to be 
rejected. The following instances exemplify both the 
positive and the negative application of this maxim. 

The distinction of primary and secondary rocks in 
geology was founded upon a theory; namely, that those 
which do not contain any oi^anio remains were first 
deposited, and afterwards, those which contain planta 
and animals. But this theory was insecure from the 
first. The difficulty of making the separation which 
it implied, led to the introduction of a class of trangition 
rocks. And the recent researches of geologists lead 
them to the conolasion, that those rocks which are 
termed primary, may be the newest, not the oldest, 
productions of natura 

In order to avoid this incongruity, other terms have 
been proposed as substitutes for these. Sir C. Lyell 
remarks', that granite, gneiss, and the like, form a class 



-which should be designnted bj a commoa name ; wMcli 
name ahonld not be of chronological import. He pm- 
posea hi/pogene, aiguifying ' nether-formed j' and thus 
he adopte the theoiy that they huve not assumed their 
present form and atructvire at the surface, but deter- 
mines nothing of the period when thoy were produced. 

These hjpogene rocks, again, he divides into uustra^ 
ti£ed oT phitonic, and altered stratified, or ■metamorphia ; 
the latter term implying the hypothesis that the strati- 
fied rocks to which it is applied have heen altered, by 
theefiect of fire or otherwise, since they were deposited. 
That fossiliferoiis strata, in some cases at least, have 
undeigone such a change, is demouatruble from facte* 

The modem nomenclature of chemistry implies the 
oxygen theory of chemistry. Hence it has sometimes 
been objected to. Thus Davy, in speaking of the 
Lavoisierian nomenclature, makes the following re- 
marks, which, however plausible they may sound, will 
be found to be utterly erroneous'. ' Simplicity and preci- 
sion ought to be the characteristics of a scientific nomen- 
clature : words should signify things, or the anaiogiea of 
thingB, and not opinions. ... A substance in one age sup- 
posed to be simple, in another is proved to be compoiuid, 
and inoe vers&. A. theoretical nomenclature is liable 
to continual alterations : oxygenated mMriatie add is 
as improper a term as dep/UogisliccUed marine add. 
Every school believes itself to be in the right : and if 
every school assumes to itself the liberty of altering 
the names of chemical substances in consequence of 
new ideas of their composition, there can be no perma- 
nency in the language of the science; it must always 
be confused and uncertain. Bodies which are similar 
to each other should always be classed together; and 
there is a presumption that their composition is ana- 
logous, Metals, eartlis, alkalis, are appropriate names 
for the bodies they represent, and independent of all 
speculation : whereas oxides, sulphurets, and •muriatee 
are tei'ms foimded upon opinions of the composition of 
bodies, some of which have heen alreadyfound en-oneoaa. 
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The least (langeroufl mode of giving a systematic form 
to a liLiiguage seema to be to signify the analogies of 
substances by Borne common sign aiiiised, to the begin- 
ning or the termination of the word. Tiiiia as the 
metals have been diatinguiahed by a temiination in 
um, as aurviiit., so their calciform. or oxidated state 
might have been denoted hy a temiination in a, as 
aura: and no ptogreaa, however groat, in the science 
could render it necessary that such a mode of appella- 
tion should be changed.' 

These remarks are founded upon, distinctions which 
have no real existence. We cannot sex>arate things 
from their propert'iea, nor can we consider their pro- 
perties and analogies in any other way than by having 
opinions about thera. By contrasting wnalogieii with 
opinions, it might appear aa if the author maintained 
that there were certain analogies about which there 
was no room for etroneotis opinions. Yet the analo- 
gies of chemical compounds, are, in fact, those points 
which have been rooat the subject of difference of opi- 
nion, and on which the revolutions of theories have 
most changed men's views. As an example of analo- 
gies which are still recognized under alterations of 
theory, the writer gives the relation of a metal to its 
oxide or calciform state. But this analogy of metallic 
oxides, as Ked Copper or Iron Ore, to Calx, or burnt 
lime, is very far from being self-evident; — so far in- 
deed, that the recognition of the analogy was a gi'eat 
step in chemical theory. The terms which he quotes, 
oaajgenated murialAC add (and the same may 1>e said of 
depldogiatiaated marine acid,) if improper, are so not 
because they involve theory, but because they involve 
false theory; — not because those who framed them did 
not endeavour to express analogies, but because they 
expressed analogies about which they wei'e mistaken. 
Unconnected names, as metaia, earths, alkalis, are good 
as the basis of a systematic nomenclature, hut they 
ai-e not substitutes for such a nomenclature. A sys- 
tematic nomenclature is an instrument of great utility 
and power, as the modem history of chemistiy has 
shown. It would be highly uupMlosophical to reject 



the use of such an. instrument, because, in the course 
of the revolutions of science, we may have to modiff, 
. even to remodel it altogether. Its utility is not by 
that ineana destroyed. It has retained, transmitted, 
and enabled ns to reason upon, the doctrines of the 
eai-lier theory, so far ax they are true ; and when this 
theory is absorbed into a more comprehensive one, {for 
this, and not its refutation, is the end of a theory so 
far as it ia true,) the nomenclature is easily translated 
into that which the new theory introduces. We have 
Been, in the history of astronomy, bow valuable the 
theory of epieycles was, in its time: the nomenclature 
of the relations of a planet's orbit, which that theory 
introduced, was one of Kepler's resources in discover- 
ing the elliptical theory; and, though now superseded, 
is still readily intelligible to astronomers. 

This is not Ihe place to discuss the reasons for the 
Jbrm of scientific terms ; otherwise we might ask, in 
reference to the objectioaa to the Lavoisierian nomen- 
clature, if such forms aa auTum and aura are good to 
represent the absence or presence of oxygen, "ivby such 
forms as suiphile and sulphate are not equally good to 
represent the presence of what we may call a smaller 
or larger dose of oxygen, so long as the oxygen theory 
is admitted in its present fonn; and to indicate stilL 
the difference of the same substances, if under any 
change of theoiy it should come to be interpreted in a 



But I do not now dwell upon such arguments, my 
object in this place being to show that terms involving 
theory are not only allowable, if understood so far aa 
the theory is proved, but of great value, and indeed of 
indispensable use, in science. The objection to them ia 
inconsistent with the objects of science. If, after ^1 
that has been done iu chemistry or any other science 
we have arrived at no solid knowledge, no peiinanent 
truth;— if all that wo believe now may be proved to 
bo false to-morrow; — then indeed our opinions and 
theories are corruptible elements, on which it ^pould 
be unwise to rest any thing important, and wliich we 
might wish to exclude, even from our names, Bnt if 



our knowledge has no more security than this, we can 
find no reason wliy we should wish at all to have names 
of things, since the names are needed mainly that we 
may reason upon and increase our knowledge such aa 
it is. If we ana condemned to eadleaa alternations of 
varying opinions, then, no douht, our theoretical terms 
may be a source of confusioa; but then, where would 
be the advantage of their being otherwisel what would 
be the value of words which ahonld express iii a more 
precise manner opinions equally fleeting! It will per- 
haps be said, our terms must express facta, not theo- 
ries ; but of this distinction so applied we have repeat- 
edly shown the fiitility. Theories firmly established 
are facts. Is it not a fact that the rusting of iron 
arises from the metal combining with the osygen of 
the atmospherel Is it not a fact that a combination 
of oxygen and hydrogen produces water? That our 
terms should express such iacts, is precisely what we 
are here inculcating. 

Our examination of the history of science has led us 
to a view very different from that which represents it 
as consisting in the succession of hostile opinions. It 
is, on the contrary, a progi-ess, in which each step ia 
recognized and employed m the succeeding one. Every 
theory, so far as it is true, (and all that have prevailed 
extensively and long, contain a large portion of truth,) 
is taken up into the theory which succeeds and seems 
to expel it All the narrower inductions of the first 
are included in the more comprehensive generalizations 
of the second. And this is performed mainly by means 
of such terms as we are now considering ; — terms in- 
volving the previous theory. It is by means of such 
terms, that the truths at first ascertained become so 
familiar and manageable, that they can be employed as 
elementary facts in the formation of higher inductions. 

These principles must be applied abo, though with 
great caution, and in a temperate manner, even to de- 
scriptive languagft Thus the mode of describing the 
forms of crystals adopted by Werner and Itora6 de I'lslo 
was to consider an original form, fi-om which other 
forma are derived by tnmcaiions of the edges and the 
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ffl. Httiiy'M method of describiug the 
to consider them as biiilt up of rows 
Bolids, the angles being detormincd by the 
of these rows. Both these methods of deacripti 
volve hypothetica] views; and the last was intended t« 
a true physical theory of the constitution of 
ciystais. Both hypotheses are doubtful or felse : yet 
both these methods are good as niodea of description ; 
nor is Hauya terminology vitiated, if wa suppose (as 
in fact we must suppose in many instances,) that crys- 
talline bodies arc not really made up of such small 
aolids. The mode of describing an octahedron of duor 
upar, OS derived from the cube, by decrements of one 
row on all the edges, would still be proper and useful 
as a description, whatever judgment we should form of 
the materitd structure of the body. But then, we must 
consider the solids which are thus introduced into the 
description as merely bypotheticdi geometrical formf^ 
serving to detennine the angles of the faces. It is ia' 
this way alone tiiat Haiiy's nomenclature can now hi. 
retained. 

In like manner we may admit theoretical views into 
the descriptive phraseology of other parts of Natural 
History : and the theoretical terms will replace the 
obvious images, in proportion as the theory is ge 
rally accepted and familiarly applied. For examjile, 
speaking of the Honeyauoklej we may say that the 
upper leaves are petjblltUe, meaning that a single 
round leaf is perforated by the stalk, or threaded ujxin 
it. Here ia an image which sufficiently conveya the 
notion of the form. But it is now generally recognized 
that this apparent single leaf is, in fitct, two opposite 
leavesjoined together at their bases. If this were doubt- 
ed, it may be pixived by comparing the upper loaves 
with the lower, which are really separate and opposite. 
Hence the term connate is applied to these conjoined 
opposite leaves, implying that they grow together ; or 
they are called connato-per/oliaie. Again ; formerly 
the corolla was called Wionopetalous or polj/pelalout, aa 
it consisted of one port or of several : but it is i 
agreed among hotanistB that those corolloa which 



I 



THE LANOtTAOE OP SCIENCE. 



301 



pear to oonsisfc of a. single part, are, in fact, composet) 
of several soldered together; honce the teim. gamope- 
taloua is now employed (by De Candolle and his fullow- 
era) ioatead of monopetaloua*. 

In this ■way the language of Natural History not 
only expresses, but inevitably implies, general laws of 
nature; and -words are thus fitted to aid the progress 
of knowledge in this, as in other provinces of science. 

Aphorism XII. 
If Urmi an syaUmatieally good, tketj are not to be re- 
jected ftecaiiM they are elymotogkail]/ inaecurale. 

Terms belonging to a system are defined, not by the 
meaning of their radical words, Imt by theii' place in 
the system. That they should be appropriato in their 
signification, aids the processes of introdnciug and re- 
membering them, and should therefore be cai-efully 
attended to by those who invent and establish them ; 
but this once done, no objections founded upon their 
etymological import are of any material weight. We 
lind no inconvenience in the circumstance that geome- 
try means the measuring of the earth, that the name 
porp/tyry is applied to many rocks which have no fiery 
spots, as the word implies, and oolUe to strata which 
have no roelike structura In like manner, if the term 
jxxcUite were already generally received, as the name 
of a certain group of strata, it would be no vahd 
ground for quarrelling with it, that this group was not 
always variegated in colour, or that other groups were 
equally variegated : althongh Tindoubtedly in intro- 
dtLcing such a term, care should be taken to make it 
as distinctive as possible. It often happens, as we have 
seen, that by the natural progress of changes in lan- 
guage, a word is steadily confirmed in a sense quite 
difierent from its etymological import But though 
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we may accept such instances, vre must Dot warn 
attempt to imitate them, 1 say, not wantonly ; for il 
the progress of scientific identification compel us tO'fl 
follow any class of objects into circumataaces where, J 
the derivation of the term is inapplicable, we may still • 
consider the term as an unmeaning sound, or rather,] 
an historical symbol, expressing a certain member d&l 
our system. Tbiia if, in following the course of the f 
mountain or carboniferous limestone, we find that in [ 
Ireland it does not form mountains nor contain corf, I 
■we should act unwisely in breaking down the nomen- 
clature in which our systematio relations are alrea<^ J 
expressed, in order to gain, in a pai-ticular case, a pro*,] 
priety of language which has no scientific value. 

AU attempts to act upon the maxim opposite to | 
this, and to make d\ir scientific names properly de- 
scriptive of the objects, have failed and must fail. For 
the marks which really distinguish the natural classes 
of objects, are by no means obvious. The discovery of 
them is one of the moat important steps in science; 
and when they are discovered, they are constantly 
liable to exceptions, because they do not contain the 
essential difierences of the classes. The natural order 
Umhdkttce, in order to be a natural order, must con- 
tain some planta which have not umbels, BAEryngium.^. 
'In such cases,' said Linnieus, 'it is of small import 
what you call the order, if you take a proper seriea 
of plants, and give it some name which is clearly un- 
derstood to apply to tbe plants you have aasoeiated.' '■ 
' I have,' he adds, ' followed the rule of borrowing tl 
name di/ortiori, from the princijial feature,' 

The distinction of crystals into systems according to 
the degree of symmetry which obtains in them, 
lieen explained elsewhei-e. Two of these systems, of 
which the relation as to symmetry might be expressed 
by saying that one is aqxtare pyramidal and the other 
c^ong pyramidal, or the first square prismalic and the 
second Many prismatic, are termed by Mohs, the first, 
Pyramidal, and the second Prigmaik. And it may 

1 See RM. Ind. Sc. b. ivL c Iv. sect j. 
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be doubted whether it is worth while to invent other 
terms, though these are thuH defective ia chanicteriatic 
significance. As aji exiunple of a needless rejection of 
old terms in virtue of a supposed impropriety in their 
meauing, I may mention the attempt made in the last 
edition of Hatty's Mineralogy, to substitute autop»ide 
and heteropaide for metallic and unTnetallic It was 
supposed to be proved that all bodies have a metal for 
their baais; and hence it was wished to avoid the term 
iinmetattic. But the words Tnetailic and unmetallia 
may nteaa that minerals seem uetallie and nnmetallic, 
just as well as if they coutaiued the element opside to 
imply this seemiug. The old names ex])resB tdl that 
the new express, and with more simplicity, and there- 
fore should not be disturbed. 

The maxim on which we are now insisting, that we 
are not to be too scrupulous about the etymology of 
scientific terms, may, at first sights appear to be at 
variance with our Fourth Aphorism, that words used 
technically are to retain their common meaning as far 
as possible. But it must be recollected, that in the 
Fourth Aphorism we spoke of common words ajijno- 
priated aa technical term^; we here sjieak of words 
constructed for scientific pm'poses. And although it is, 
perhaps, impossible to draw a broad line between these 
two classes of terms, still the rule of propriety may be 
stated thus: In technical terms, deviations from the 
usual meaning of words are bad in proportion as the 
words are more familiar in our own language. Thus 
we may apply the term Cirrus t« a cloud composed of 
filaments, even if these filaments are sti-aight; but to 
call such a cloud a Cwrl cloud would be much more 
harsh. 

Since the names of things, and of elates of things, 
when constructed so as to involve a description, ai'o 
constantly liable to become biid, the natural classes 
shii'ting away from the descriptive marks thus prema- 
turely and casually adopted, I venture to lay down 
the following maxim. 
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The fundammtal terms of a st/item of Nomenelatttre w 
be conveniently borrowed from casual or arbitrary e\ 
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FOH inatance, the names of plants, of minerala, and 
of geological strata, may be taken iVom the plaoea 
where they occur conspicuously or in a distinct form; 
Eta Parietaria, Pamasgia, Chalcedony, ArragonUe, Si- 
lurian system, Pwrheck limestona These names may 
be considered as at first supplying standards of refer- 
ence; for in order to ascertain whether ftny rock bo 
Furheck limestone, we might compare it witli the 
rocks in the Isle of Purbeck. But this reference to a 
local standard ia of authority only till the place of the 
object in the system, and its distinctive marks, are as- 
certained. It would not vitiate the above names, if it 
were found that the Pamassia does not grow on Par- 
nassus ; that Chalcedony is not found in Chalcedon ; or 
even that Arragoniie no longer occurs in Arragon ; for 
it ia now firmly established aa a mineral apecies. Even 
in geology auch a reference ia arbitrary, and may bo 
superseded, or at least modified, by a more systematic 
detei'miaation. Alpine limestone ia no longer accepted 
as a satis&ctory designation of a rock, now that we 
know the limMtone of the Alps to be of vaiiona ages. 

Again, names of persons, either casually connected 
with the object, or arbitrarily applied to it, may bft, 
employed as designations. This has been done mt 
copiously in botany, as for example, Nicotiama, ~ , 

Fuchna, Jungermannia, Lonieera. And Linnteus has 
laid down rules for restricting this mode of perpetu- 
ating the memory of men, in the names of p]&nta. 
Those generic names, he says'-, which have been con- 
atruoted to preserve the memory of persons who have 
deserved well of botany, are to be religiously retained. 
This, he adds, ia the sole and supreme reward of the 
botanist's labours, and must be carefully guarded and 
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Bcrupuloualy bestowed, as an encouragBment and an 
honour. Still more ai-bitraiy are the terms borrowed 
from the names of the gods and goddesses, heroes and 
heroinBB of antiquity, to designate new genera in those 
departmenta of natural history in which so many have 
been discovered in recent times aa to weary out all at- 
tempts at descriptive nomenclatura Cuvier has coun- 
tenanced tliis method. ' I have had to frame many 
new names of genera and aub-genera,' he says', 'for 
the sub-genera which I have established were so nu- 
merous and various, that the memory is not satisfied 
with numerical indications. These I have chosen 
either so as to indicate some character, or among the 
usual denominations, wldch I have latinized, or finally, 
after the example of Linnieus, among the names of 
mythology, which are in general agreeable to the ear, 
and which are far from being exhausted.' 

This mode of framing names from the names of per- 
sona to whom it was intended to do honour, has been 
employed also in the mathematical and chemical sci- 
ences; but such names have rarely obtained any per- 
manence, except when they recorded an inventor or 
discoverer. Some of the constellations, indeed, have 
retained such appellations, as Berenice's Hair; and the 
new star which shone out in'the time of Ctesar, would 
probably have retained the name given to it, of the 
JtUian Star, if it had not disappeared again soon after. 
In the map of the Moon, almost all the parts have 
had such names imposed upon them by those who 
have constructed such maps, and these names have 
very properly been retained. But the names of new 
planets and satellites thus suggested have not been 
generally accepted; aa the MeiMeean stars, the name 
employwi by Galileo for the satellites of Jupiter ; the 
Georgium, Sidui, the appellation proposed by Hersctel 
for TJranus when first discovered"; Ceres Ferdinandea, 
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the naaie ■which Piazzi wished to impose on the small 
planet Cerea. The naraea given to aatroaomical Tables 
iiy the aatronomers who constructed them have been 
mofit steadily adhered to, being indeed names of books, 
and not of natni-al objects. Thus there were the 
Jlchanic, the Alplionsine, the Rudotphine, the Caro- 
linioin Tables. Comets which have been ascertained 
to be periodical, have veiy properly Lad aasigned to 
them the name of the person who established this 
point; and of these we have thus, Salley'», Encke's 
CoTnet, trad Biela'a or GwmbwrCs Comet. 

In the caae of discoveries in science or inventions of 
apparatus, the name of the inventor is very properly 
employed as the designation. Thus we have the TW- 
ricellian Vacuum, the Voltaic Pile, FakrenAmi's Ther- 
mometer. And in the same manner with regard to 
laws of nature, we have Kepler's Laws, Boyle or Jfa- 
rioUe's law of the elasticity of air, Huyghen»^» law of 
double refraction, NewtoTHe scale of colours. Dexcartea' 
law of refraction ia an unjust appellation; for the dis- 
covery of the law of sines was made by SnelL In de- 
ductive mathematics, where the invention of a theorem. 
is generally a more definite step than an induction, 
this mode of designation is more common, as Demoi- 
vre's Theorem, Maclmia-hCs Theoremj Lagrangis Theo- 
I'em, Eulerian Integrals. 

In the Hitlory of Sci&iae* I have remai'ted that in 
the discovery of what is termed galvanism, Volta's 
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ofGoe was of a higher and more philosophical kind 
than that of Galvam; and I have, on thia account, 
urged the propriety of employing the term voltaic, 
rather than galvanic electricity. I may add that the 
electricity of the common machine is often placed in 
contrast with thia, and appears to require an express 
name. Mr. Faraday calls it common or machine eleo- 
^city; but I think ihat JroTtklinie electricity would 
form a more natural correspondence with voltaic, and 
would be well justified by Franklin's place in tlie his- 
tory of that part of the subject. 



Afhobisu XIV. 

The Biliary Method of Nomenclature (JVomes bi/ Oeiiua 
and Specks) is the most convenient hitlierto employed in 
Classification. 

The number of species in every province of Natural 
History ia so vast that we cannot diatinguisli them 
and record the distinctions withont some artifice. The 
known species of plants, for instance, were 10,000 in tho 
time of Linnaeus, and are now probably 60,000. It 
would be useless to endeavour to frame and employ 
separate names for each of these species. 

The division of the objects into a subordinated sys- 
tem of clasaifioation enables us to introduce a Nomen- 
clature which does not require this enormous number 
of names. The artifice employed is, to name a specimen 
by means of two (or it might be more) steps of the suc- 
cessive division. Thus in Botany, each of the Genera 
baa ita name, and the species are marked by the addi- 
tion of some epithet to the name of the genus. In this 
manner about 1,700 Generic Names, with a moderate 
number of Specific Names, were found by Linnseua 
sufficient to designate with precision all the species of 
vegetables known at his time. And this Binary Me- 
thod of Nomenclature has been found so convenient, 
that it has been universally adopted in every other de- 
partment of the Natural History of organized beings. 
20— a 



Many other modes of Nomenclature have been tried, 
but no other has at all taken root. LdnnieuB himself 
appears at first to have intended marking each species 
hy the Generic Name, accompanied by a characteristic 
Descriptive Phrase; and to have proposed tlie employ- 
ment of a Triviai Specific Name, aa he termed it, only 
as a method of occasional convenience. The use of 
these trivial nameg, however, has becotae universal, 04 
we have said ; and is by many persons considered 
greatest improvement introduced at the Linneeaji 

ApHOMBM XV, 

Tfe Maximt of Linnreut conamtng the Names to be tued 
in Botany, (Philosophia Botanica, Nomina. Sections 210 
to 256) ar« ffood exampke of Aphorisms on this suijait. 

Both Linnteus and other writers (as Adanaon) have 
given many maxims with a view of r^ulating the 
selection of generic and s]>ecific names. The maxims 
of Linnteua were intended as much as possible to ex- 
clude barbarism and confusion, and have, upon the 
*hole, been generally adopted. 

These canons, and the sagacious modesty of great 
botanists, like Robert Brown, in conforming to them, 
have kept the majority of good botimists within ealu- 
tary limits ; though many of these canons were ob- 
jected to by the contemporaries of Linnceua (Adanson 
and others') as capricious and uunecessary restrictions. 

Many of the names introduced by T.innteus certainly 
appear fanciful enough. Thus he gives the name .Sou- 
hinia to a plant which has leaves in pairs, because the 
Eauhins were a pair of brothers. Bamsteria is the 
name of a climbing plant in honour of Eani.i-ter, who 
travelled among mountains. But such names once 
established by adequate authority lose all their incon- 
venience and easily become permanent, and hence the 
reasonablenesa of one of the Linniean rules'; — 

That as such a perpetuation of the nami 
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by the names of plants is the only hoaoiu" that botaa- 
iata have to bestow, it ought to be used with cai'e and 
caution, and religiously respected. 

[3rd ed. It may serve to ahow how sensitive bo- 
taaists &i'e to the allusions contained in such names, 
that it has been charged againat Linmeus, or a proof 
of malignity towards BufFon, that he changed the name 
of the genus Buffonia, established by Sauvages, into 
Bvfonia, which suggested a derivation from Bufo, a 
toftd. It appearB t« be proved that the spelling was not 
Linnfeus's doing.] 

Another Linnsean maxim is (Art. 2 1 9), that the gene- 
ric name must be fixed before we attempt to form a 
specific name ; ' the latter without the former is like 
the clapper without the bell.' 

The name of the genus being fixed, the species jnay 
be Ktarfeed (Art. 257) by adding to it 'a single word 
taken at will from any quarter;' that ia, it need not 
involve a description or any essential property of the 
plant, but may be a casual or arbitrary appellation. 
Thus the various species of Hieraeiuni' are Sieracium 
AlpinMm, If. Hallsri, U. Pilotella, H. dvimmi, S. 
muromm, &c., where we see how diiferent may be the 
kind of origin of the words. 

Attempts have been made at various times to form 
the names of species irom those of genera in some more 
symmetrical manner. But these have not been suc- 
cessful, nor are they likely to be so; and we shall venture 
to propound an axiom in conde&nation of such names. 

Aphorism XVI, 

Nimterical namei in Claiii/ieation are bad; and the same 
may be eaid of other names of kinds, depending v/pon any 
jueed wriet of notes of order. 

With regard to numerical names of kinds, of species 
for instance, the objections are of this nature. Besides 
that such names ofier nothing for the imagination to 
take hold of, new discoveries will probably alter the 
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numeratiDn, and make the namee erroneoni 
we call the speciea of a genus 1, 2, 3, a new specaW-- 
intermediate between t and 2, 2 and 3, £c. cannot be 
pat in its place without damaging the nmabers. 

The geological term Triae, lately introduced to de- 
signate the group consisting of the three members 
(Bunter Sandetein, Muachelkalt, and Keuper) becomes 
improper if, as aome geologists hold, two of these mem- 
bers cannot be separated. 

Objectiona resembhng those which apply to numeri- 
cal deaignationa of species, apply tti other cases of fixed 
aeries ; for instance, when it boa been proposed to mark 
the species by altering the termination of the genus. 
Thua Adanson', denoting a genus by the name Fonna 
{LychnidefC), conceived he might mark five of ita apecies 
by altering the last syllable, Fonna, Fonna-e, Ftmna^, 
Fonnoro, Fonnorv,; them others by Fon/na-ha, Fonna- 
ka, and ho on. Thia would be liable to the same evils 
which have been noticed as belonging to the numerical 
method'. 

Aphorism XVII. 

In any dateifieatory seteiiM name* inehiding more than 
two steps of the elassificati 
convenient, 

LissMVS, in his can 
(Art. 212), says that thi 



, may be employed tftibe found 



3 for botanical nomenclatnra 
names of the class and the 
order are to be rmUe, .while the namea of the Qenus 
and Species are sonorous. And accordingly the names 
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of plants {imd the Hame is true of animals) have in com- 
mon practice been binary only, consisting of a generic 
and a specific name. The class and the order have not 
been admitted to form part of the appellation of the 
speciea. Indeed it is easy to see that a name, 'whicii 
mnflt be identical in so many inataiices as that of an 
Order would be, would be felt as superflnous and biir- 
thensome. Accordingly, LinnEeua makes it one of liia 
maxims'-, that the name of the Class and Order must not 
be expressed but understood, and hence, he says, Eoyen, 
who took LUiii/m, for the name of a Class, rightly re- 
jected this word as a generic name, and substituted 
Lvriium, with the Greek termination. 

Yet we must not too peremptorily assume such 
maxims as these to be universal for all claasificatory 
Boiences. It is very possible that it may be found ad- 
visable to use three terms, that of Order, Genua, aud 
Speciea in designating minerals, as is done in Mohs's 
nomendatnro, for example, Hkomhohedral Calc Malo- 
ide, Faratomoua Hai Saryte. 

It is possible also that it may be found useful in the 
same science (Mineralogy) to mark some of the steps of 
classification by the termination. Thus it ha.^ been pro- 
posed to confine the termination ite to the Order Sili- 
ddeg of Naumann, as Apophyllite, Stilbite, Leucine, &o., 
and to use names of different form in other orders, as 
Talc Spar for Brennerite, Pyramidal Titanium Oadde 
for Oetahedtite. Some such method appears to be the 
most likely to give us a tolerable mineralogical nomen- 
clature. 

Aphobism XVIIL 

In/ormmg a Terminology, words may be invented when 
necessary, bui they eannot be conveniently borrowed _from 
casual or arbitrary eireumstattees^. 

It will be recollected that Terminology is a language 
employed for describing objects, Nomenclature, a body 
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of names of the objects themselves. The names, 
waa stated in the last maxim, may be orbitraiy; 
the descriptive terms must be borrowed firom words of 
Buitable meaning in the modern or the classical lan- 
guages. Thus the whole terminology which Linnaeus 
introduced into botany, is founded upon the received 
use of Latin words, although he defined their meaning 
so as to make it precise when it was not so, according 
to Aphorism V. Bat many of the terms were invent- 
ed by him and other botanists, as Perianth, Neet(ary, 
Pericarp! so many, indeed, as to form, along with the 
others, a considerable language. Many of the terms 
which are now become familiar were originally in- 
vented by writers on botany. Thus the word Petal, 
for one division of the corolla, was introduced by 
Fabins Columna. The term Sepal waa devised by 
Neckar to express each of the divisions of the calyx. 
And up to the most recent times, new denominations 
of parts and conditions of parts have been devised by 
botanists, when they found them neceasary, in order to 
mark important differences or resemblances. Thus the 
general Jieceptacle of the fiower, as it is termed by 
Linnseus, or Torus by Salisbury, is continued into 
organs which carry the stamina and pistil, or the pistil 
alone, or the whole flowerj this organ has hence been 
termed * Gonophore, Carpophore, and Anlkophore, in 

In like manner when Cuvier had aaoertained that 
the lower jaws of Sauriana consisted always of six 
pieces having definite relations of form and position, 
he gave names to them, and termed them respectively 
the Denial, the Angidar, the Coronoid, the Articuiar, 
the Complementary, and the Opercular Bones. 

In all these cases, the descriptive terms thus intro- 
duced have been significant in their derivation. An 
attempt to circulate a perfectly arbitrary word as a 
means of description would probably be nnsuccessfiil. 
We have, indeed, some examples approaching to arbi- 
traiy designations, in the Wernerian names of colourB, 

• De Cmdolle'a TK El <cs. 
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whicli are a part of the tenniDology of Natural His- 
tory. Many of these names are Ixiwowed from natural 
resemblances, as Auricula, purple, Apple green, Straw 
yellov); but the names of others are taken froBi cosiuil 
occiurencea, mostly, however, such as were ali-eady 
recdgnis^d in common language, as Frui»Mn blue, 
Dulek orange, King's yellow. 

The extension of arbitrary names in scientific temii- 
nology 13 by no means to be encouraged. I may men- 
tion a case in which it was very properly avoided. 
When Mr. Faraday's researches on Voltaic electricity 
had led him to perceive the great impropriety of the 
term poles, as applied to the apparatus, since the pro- 
cesses have not reference to any opposed points, but to 
two opposite directions of a path, he very suitably 
wished to sulietitute for the phrases pogiiive pole and 
negative pole, two words ending in ode, fium oSos, a 
way. A person who did not see the value of our pre- 
sent maxim, that descriptive terms should be descrip- 
tive in their origin, might have proposed words per- 
fectly arbitrary, ba Alphode, and Betode: or, if he 
wished to pay a tribute of respect to the discoverers 
in this deparbnent of science, Galvanode and Voltaode. 
But such words would very justly have been rejected 
by Mr. Faraday, and would hardly have obtained any 
general currency among men of science. Zincode and 
Flatinode, terms derived from the metal which, in one 
modification of the apparatus, forma what was pre- 
viously termed the polo, are to be avoided, because in 
their origin too much is casual; and they are not a 
good basis for derivative terms. The pole at which 
the zinc is, is the Anode or Cathode, according as it is 
associated with different metals. Either the Zincode 
must sometimes mean the pole at which the 2inc is, 
and at other times that at which the Zinc is not, or 
else we must have as many names for [loles as there 
are metals. Anode and Cathode, the terms which Mr. 
Faraday adopted, were free from those objections; for 
they refer to a natural standard of the direction of the 
voltaic current, in a manner which, though jwrhaps 
not obvious at first sight, is easily understood and 
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yny, are the directions which ottrreispoad to east and 
weft in that voltaic cnrrent to which we must aetxibe 
terrwtrial magnetism. And with tJiese irordi it i 
tBtj to connect Anvm and Caihion, to deaigiuttc the 
opposite elemente which are separated and liberated at ■ 
the two SUetrodes. 



ArHORIBX XTX. 
2Tl« meonmj o/" Teehnital Termt mutt ht fixed 6y e 
ventioTt, not by eatwU referetiee to tht ordinary meaning of 
wordt. 

In fixiog the meaning of the Technical Tenna which" 
form the Terminology of any science, at least of the' 
descriptive Terms, we neceaarily fis, at the same time^ 
the perceptions and notions which the Terms are to 
convey to a hearer. What do we mean by apple-green or 
Freneh grey f It might, perhaps, be supposed that, in 
the £rat example, the term apple, referring to so &mi- 
liar an object, sufficiently auggeate the colour intended,^ 
But it may easily be seen that thia is not true; 
apples are of many different hues of green, and it ii 
only by a conventional aeleotion that we can appro- 
priate the term to one special shade. When this appro- 
priation is once made, the term refers to the sensation, 
and not to the parts of this term; for these enter into 
the compound merely as a help to the memory, whether 
the suggestion be a natural connexion as in 'appl< 
green,' or a casual one aa in 'French grey.' In order 
to derive due advantage fi-om technical terms of this 
kind, they must be associated im/mediately with the per-i 
ception to which they belong; and not connected with' 
it through tbe vague iisages of common language. The 
memory must retain the sensation ; and the technical 
word muMt be understood as directly as the most fami- 
liar word, and more distinctly. When we find such 
na as lin-wkite or pinchheck-hrown, the metallio 
colour so denoted ought to starii up in our memoiy. 
without -i"!" or aearch, ' 
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This, ■which it is most important to recollect with 
reapect to the simpler properties of hodies, as colom- 
and form, ia no leas true with respect to more compound 
notions. In all cases the term is fixed to a peculiar 
meaning by convention; and the student, in order to 
use the word, must be completely familiar with the con- 
vention, so that he has no need to frame conject\iri3a 
fix)m the word itself. Such conjectures would always 
be insecure, and often erroneous. Thus the term papi- 
lionaceous, applied to a flower, m employed to indicate, 
not only a resemblance to a butterfly, hut a resemblance 
arising from five petals of a certain peculiar shape and 
arrangement ; and even if the resemblance to a butter- 
fly were much stronger than it is in such cases, yet if it 
were produced in a different way, aa, for example, by 
one petal, or two only, instead of a 'standard,' two 
'wings,' and a 'keel' conBistiug of two parts more or 
less united into one, we should no longer be justified in 
speafeing of it as a ' papilionaceous' flower. 

The formation of an exact and extensive descriptive 
language for botany has been executed with a degree of 
skill and felicity, which, before it was attained, could 
hardly have been dreamt of aa attainable. Every part 
of a plant has been named ; and the form of every part, 
even the most minute, has had a large assemblage of de- 
scriptive terms appropriated to it, by means of which 
the botanist can convey and receive knowledge of form 
and structure, aa exactly as if each minute part were 
presented to him vastly magnified. This acquisition 
waa part of the Linntean Reform, of which we have 
spoken in the Hittory. ' Toumeibrt,' says De Candolle', 
' appears to have been the first who reaUy perceived the 
utility of fixing the sense of terms in such a way as al- 
ways to employ the same word in the same sense, and 
always to express the same idea by the same word; but 
it was Linnieus who really created and fixed this bota- 
nical language, and this is his faii-est claim to glory, for 
by this fixation of language he has shed deamesa and 
precision over all parts of the science,' 
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It is not necessary here to give any detailed 
of the t«mi8 of botany. The fimdajneutal tm 
b«en gradnally introduced, as the parts of plants were 
more carefnJly and minutely examined. Thus the 
flower was successively distinguished into the calyx, the 
corolla, the slameru, and the pUtils: the sections of 
the corolla were termed petals by Colnmna ; those of 
the calyx were called sepaia by Neckar*. Sometimes 
terms of greater generality were devised ; as perianA 
to include the calyx and corolla, whether one or both of 
these were present" ; pericarp tor the part inclosiiig tha 
grain, of whaterer fcind it be, fruit, nut, pod, Ac. And 
it may easily be imagined that descriptive terms majf 
by dE^nitioa and combination, become very nnmerouSkj 
and distinct. Thna leaves may be called pirmaHfid', pin--' 
naiipa/rtite, pin/naiieec(, pinnalilobaie, palmaiifid, pal-- 
mafipartile, &e., and each of these words designates' 
different combinations of the modes and extent of the 
divisions of the leaf with the divisions of its outline. In. 
some caaes arbitrary numerical relations are introduced 
into the definition : thus a leaf is called bUobate' when 
it is divided into two parts by a notch; but if the notch. 
go to the middle of i^ length, it is bifid; if it go near 
the base of the leaf, it is bipartite; if to the base, it is 
biteot. Thus, too, a pod of a cruciferous plant is a silica* 
if it he four times as long Eba it is broad, hut if it 
shorter than this it ia a ailictila. Such terms bi _ 
established, the form of the Tety complex leaf or frond 
of a fern is exactly conveyed, for example, by the fol- 
lowing phrase : 'fronds rigid pinnate, pinme recurved 
Eubunilateral piunatifid, the segments linear undivided 
or bifid spinuloBO-serrate^' 

Other characters, as well as form, are conveyed with 
the like precision : Colour by means of a classified scale 
of colours, as we have seen in speaking of the Meaanrea 
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of Secondary Qualities; to which, however, we muat 
add, that the naturalist em^ loya arbitrary names, (such 
S3 we Lave already quoted,) and not mere nnmerical 
exponents, to indicate a certain number of selected 
colours. This was done with moat precision by Werner, 
and his scale of colours is still the most usual standard 
of naturalists. Werner also introduced a more exact 
terminology with regard to other characters which are 
important in mineralogy, as lustre, hardness. But 
Mohs improved upon this step by giving a numerical 
scale of l^rdoess, in which talc is i , gypeum 2, cole spwr 
3, and so on, as we have already explained in the His- 
tory of Mineralogy. Some properties, aa specific gra- 
vity, by their definition give at once a numerical 
measure ; and others, as crystalline form, require a 
very considerable ' array of mathematical calcuUtioa 
and reasoning, to point out their relations and grada- 
tions. In all cases the features of likeness in the ob- 
jects must be rightly apprehended, in order to their 
being expressed by a distinct terminology. Thus no 
terms could describe crptals for any purpose of natural 
history, till it was discovered that in a class of minerals 
the proportion of the faeea might vary, while the angle 
remained the same. Nor could crystals be described so 
as to distinguish species, till it was foimd that the de* 
rived and primitive forms are connected by very simple 
relations of apace and number. The discovery of the 
mode is which characters mudt be apprehended so that 
they may be considered sa fixed for a class, is an im- 
portant step in the progress of each branch of Natural 
History; and hence we have had, in the Histoiy of 
Mineralogy and Botany, to distinguish aa important 
and eminent persons those who made such discoveries, 
Home de Lisle and Haiiy, Cesalpinus and Gesuer. 

By the continued progress of that knowledge of mi- 
nerals, plants, and other natural objects, in which auch 
persons made the most distinct and marked steps, but 
which has been constantly advancing in a more gradual 
and imperceptible manner, the most important and es- 
sential features of similarity and dissimilarity in such 
objects have been selected, arranged, and fitted with 
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names; and we have thus ia snch departments, systei 
of Terminology which fix our attention upon the resei 
blances which it is proper to consider, and euablfl db to 
convey them in words. 

The following Aptiorisma respect the Form of Tech- 
nical Termu. 

By the Fcffm of tei-ms, I mean their philological 
conditions ; as, for example, from what languages they 
may be borrowed, by what modes of inilexiou they 
must be conijMunded, how their derivatives are to te; 
formed, and the like. In this, as in other parts of 
subject, I shall not lay down a system of rules, 
shall propose a few 



Apuoris^i XX. 
Tia tmo main cotiditions of tht Form of teehnieal 
are, that ihey niuat h« generalh/ intdligible, and ttiicept 
of iimh gramniatieal relatione aa their lei^Ui/ie ute re^ii 

These conditions may at first appear somewhat 
vague, but it will be found that they are as definite as 
we could make them, without injuriously restricting 
OHi-selves. It will appear, moreover, that they have 
an important bearing upon most of the questions re- 
specting the form of the words which Cf 
and that if we can succeed in any case in reconciling 
the two conditions, we obtain terms which are practi- 
cally good, whatever objections may he 
them trom other considerations. 

I, The former condition, for instance, bears upoft 
the question whether scientific terms are tis be taken 
from the learned languages, Greek and Latin, or from 
our own. And the latter condition very materially 
afieota the same question, since in English we have 
scarcely any power of inilecting our words; and there- 
fore must have recourse to Greek or Latin in order to 
obtain terms which admit of grammatical modification. 
If we were content with the term Heal, to express 
seietice of heat, still it would be a bad technical 
for we cannot derive from it an adjective like 
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Ileal. If had or lai/er were an. equally good term with 
eiratum, we must still retain the latter, in oilier that 
we may use the derivative Stralijication, for which the 
English words cannot produce an equivalent substi- 
tute. We may retain the words lime and fiint, but 
their adjectives for scientific purposes arc not limy 
and fliiiiif, but calcareous and eUiceoua; and hence we 
are able to form a oompound, as caicareo-Btliceous, 
which we could not do with indigenous words. We 
might fix the phrases benC back and broken to mean (of 
optical rays) that they are reflected and refracted; but 
then we should have no means of speaking of the 
angles of He/lection and Jiejraclion, of the Refractive 
Indices, and the like. 

In like manner, so long as anatomists described cer- 
tain parts of a vertebra as ■oertebral lamdnm, or verte- 
bral plates, they had no adjective whereby to signify 
the properties of these parte; the term Neurapophyeis, 
given to them by Mr, Owen, supplies the correspond- 
ing expression nearapophyaial. 80 ^ain, the term 
Satispiienoid, employed by the same anatomist, is 
better than bofUtvr or baaial process of tlie spheiwid, 
because it gives ua the adjective basiapltenoidal. And 
the like remark applies to other changes recently 
proposed in the names of portions of the skeleton. 

Thus one of the advantages of going to the Greek 
and latin langu^es for the origin of our scientific 
tonus is, that in this way we obtain words which 
admit of the formation of adjectives and abstract 
terms, and of composition, and of other inflexions. An- 
other advantage of such an origin is, that such terms, 
if well selected, are readily understood over the whole 
lettered world. For this reason, the descriptive lan- 
guage of science, of botany for iustanoe, has been, for 
the most part, taken from the Latin; many of the 
terms of the mathematical and chemical sciences have 
been derived from the Greek ; and when occasion 
occurs to construct a new term, it is generally to that 
language that recourse is had. The advantage of such 
terms is, aa has already been intimteted, that they con- 
stitute an universal language, by means of which 



cultivated persons in eveiy country may convey to 
each other their ideiis without the need of tranalation. 

On the other hand, the advantage of indigenous 
terms is, that so far as the language extends, they are 
intelligible much more clearly and vividly than those 
borrowed from any other source, as well as more easily 
manageable in the construction of sentences. In the 
descriptive language of botany, for example, in an 
English work, the terms drooping, nodding, one-iided, 
tioining, straggling, appear better thaa cemumts, niir- 
tant, teewnd, volvbile, divaricate. For though the 
latter terms may by habit become as intelligible as the 
former, they cannot become more bo to any readers ; 
and to most English readers they will give a far less 
distinct impression. 

3. Since the advantage of iudigenoua over learned 
terms, or the contrary, depends upon the balance of 
the capacity of inflexion and composition on the one 
hand, against a ready and clear significance on the 
other, it is evident that the employment of scientifio 
terms of the one claM or of the otiier may very pro- 
perly be extremely different in different languages. 
The German posaesses in a very eminent degree that 
power of composition and derivation, which in English 
can hardly he exercised at all, in a formal manner. 
Hence Glerman scientific writers use native terms to 
a far greater extent than do our own authors. The 
descriptive terminology of botany, and even the sys- 
tematic nomenclature of chemistry, are represented 
by the Germans by means of Gtermau roots and in- 
flexions. Thus the description of PotentUla amseriTta, 
in English botanists, is that it has Leaves interruptedly 
pinnate, serrate, silky, stem ereepirtg, gtalks axillae, 
one-jlowered. Here we have words of Saxon and 
Latin origin mingled pretty equally. But the German 
description is entirely Teutonic. Die Blvmie in Achsel/ 
die Blotter unterhrochen ge/iedert, die BlUltclien schairf 
gesagt, die Stdmme hrieelierid, die Blvthemtide ^nhlw- 
Tnig. We could imitate this in our own language, by 
saying hrokenly-feaihered, sharp-sawed; by using (Areed 
for temcUe, aa the Germans employ gedreii; by saying 
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fingered-feathered for dvjitato-pinnate, and tlie lika 
But the habit which we have, in common aa well aa 
soientific language, of boiTowing worda from tlie Latin 
for new cases, would make such usagea seem very 
Laroh and pedantic. 

We may add that, in consequence of these different 
practices in the two languages, it is a common habit 
of the German reader to impose a scientific definite- 
nesfl upon a common word, such as om' Fifth Aphorism, 
requires; ■whereas the English reader expects rather 
that a word which is to have a technical sense shall be 
derived from the learned languages. Die Kdch and 
die Blume (the cup and the flower) easily assume the 
technical meaning of cali/x and corolla; die Griffei 
{the pencil) becomes ike pistil; and a name is easily 
found for the pollen, the anthers, and the stamens, by 
calling them the dust, the dust-cases, and the dnst- 
threada (der Stavh, die Stavb-beutel, or Staub-Jac/i-er, 
and die Sta/ub-fadm). This was formerly done in 
English to a greater extent than is now possible with- 
out confusion and pedantry. Thus, in Grew'a book on 
the Anatomy of Flamts, the calyx ia called the vmpolt- 
metd, and the sepals the impalers; the petals are called 
the leaves of ^flower; the stamens with their anthers 
are the aeminifonn attire. Bat the English language, 
its to Buch matters, is now less flexible than it was; 
partly in consequence of its having adopted the Lin- 
uiean tenninology almost entire, without any endea- 
vour to naturalize 1%. Any attempt at idiomatic de- 
scription would interfere with the scientific language 
now generally received in this country. In Germany, 
on the other hand, those who first wrote upon science 
in their own language imitated the latin worda which 
they found in foreign writers, instead of transferring 
new roots into their own language. Thus the Nume- 
rator and Denominator of a fraction they call the 
JVamer and the CoutUbt {Nenner and Zfihler). Thi,5 
course they pursued even where the expression was 
eiToneous. Thus that portion of the intestines which 
ancient anatomists called Diiodenwrn, because they 
falsely estimated its length at twelve inches, the Ger- 
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mans also term Zwolffingerdarm, (twelve- inch-g 
though tliifl intestine in a whale is twenty feet It ^^^ 
and in a frog not above twenty lines. As another 
example of thifl prooeaa in German, we may take the 
■word Mvitersackhaucliblatte, the uterine peritemceum. 

It is a remarkable evidence of this formative power 
of the German language, that it should have been 
able to produce an imitation of the syatematic chemi- 
cal nomenclature of the French school, so complete, 
that it is used in Germany as familiarly as the origi- 
nal Hystem ia in France and England. Thus Oxygen 
and Hydrogen are SauerstoffsaA Wqfferatoff; Azote ia 
A'iwAstq^ (suffocating matter); Sulphuric and Sulphu- 
rous Acid are SeJtwefel-sdure and SchwefeliehU-adMre. 
The Sulphate and Sulphite of Baryta, and Sulphuret 
of Baryum, are Schuxfel-aaure Baryterde, SckwefeliclUe- 
s&wre Baryterde, and Schwefel-haryum. Carbonate of 
Ii'on is KMen-aHwrea SUtenoxydul ; and we may ob- 
serve that, in such caseB, the German name ia much 
more i^;reeable to analogy than the English onej for 
the Protoxide of Iron, (yEwrnioxydul,) and not the 
Iron itself, is the base of the salt. Ajid the German 
language has not only thus imitated the established 
nomenclature of chemistry, but has shown itself capa- 
ble of supplying new forms to meet the demands 
which the progress of theory occasions. Thus the 
Hydracids are Waagerstoff'-muren ; and of these, the 
Hydriodic Acid ia lodwaageretoff-aiiure, and so of the 
rest. In like manner, the translator of Berzeliua has 
found German names for the sulpho-salts of that 
chemist; thus he has Waa»eT»tqffhchweJUges Scltewefel- 
lit/mifii, which would be (if we were to adopt his 
theoretical view) hydro -sulphuret of sulphuret of 
lithium : and a like nomenclature for all other similar 

3. In English we have no power of imitating this 
process, and must take our technical phrases from 
some more flexible language, and generally from the 
Latin or Greek. We are indeed so much accustomed 
to do this, that except a word has its origin in one of 
these languages, it hardly seems to UB a technical 



term; and thus by employing indigenoua terms, ovea 
deacriptive ones, wn may, perhaps, loae in precision 
more than we gain in the vividness of the impression. 
Perhaps it may be better to say cvmeafe, limate, kaa- 
tate, sagiitaU, reniform, than wedge-aliaped, cregeent- 
skaped, kalbert-heatled, wtrmo-headed, Mdney-akaped. 
Emgent and personaU are better than any English 
■words which we could aubatitute for them ; labi^ is 
more precise than lijiped would readOy become. Ur- 
ceolate, trochlear, are more compact than pUcker-shaped, 
pvlleyskaped ! and inJundiJyidiform, hypoeraleriform, 
though long vrords, are not more inconvenient than 
funnel-akaped and stdver-sliaped. In. the saoie way it 
is better to speak (with Dr. Prichard',) of repent and 
progressive animals, than of creeping and progresKive : 
tlie two latin terms m^e a better pair of correlatives. 
4, But wherever we may draw the line between 
the proper use of English and Latin terms in descrip- 
tive phraaeology, we shall iind it advisable to borrow 
almost all other technical terms fimm the learned lan- 
guages. We have seen this in considering the new 
terms introduced into various sciences in virtue of our 
Ninth Maxim. We may add, as further examples, 
the names of the various animals of which a know- 
ledge has been acquired from the remains of them 
which exist in varions strata, and which have been 
reconstructed by Cuvier and his euccesaora. Such are 
the Pahsoifieriwm, the AnoploUiervwm, the MegcUhe- 
riwm, the DmoUtermm, the Chirot/teri/um, the Megal- 
iehihys, the Mastodon, the lelUhyoawwrua, the Flesio- 
sawrui, the Pterodactylus. To these others are every 
year added ; as, for instance, very recently, the 
Toeoodon, Zeuglodon, and FhaacotoHieriuvt of Mr. Owen, 
and the TkylacotJierivm of M. YaJenciennes. Still 
more recently the terms Glyptodon, Mylodon, IHcyno- 
don, PaloploiheriuTii, BhyncIiOBcnMve, have been added 
by Mr. Owen to designate fossil animals newly deter- . 
mined by him. 
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The names of 8[>ecies, as well as of genera, are thus 
formed from the Greek : as the Pleaiosaurus dolidio- 
deirua (long-necked), IchthyoEauma platyodan (broad- 
toothed), the Irish elk, termed Ceryus Tnegaceros 
(large-homed). But the descriptive specific names are 
also taken, from the Latin, as FiesioBaurus brewiroatrw, 
longiroatris, craaairoetris ; besides ■which there are 
arbitrary specific names, which we do not here con- 

Tbese names being all constructed at a period when. 
naturalists were familiar with an artificial system, the 
standard language of which is Latin, have not been 
taken from modem language. But the names of living 
animals, and even of their classes, long ago formed in 
the common language of men, have been in part adopted 
in the systems of naturalists, agreeably to Aphorism 
Third. Hence the language of Hysteroa in natural 
history ia mixed of ancient and modem languages. 
Thus Cuvier's divisions of the vertebrated animals are 
Marnvmifh-ea (Latin), Oiseaux, Reptiles, PoitsoTia; Bi- 
vuinea, Qtiadrumaines, Camaasiirea, Eongewra, J'ac/iy- 
derrnea (Greek), Ewimna/na (Latin), Cetacea (Latin). In 
the subordinate divisions the distribution being more 
novel, the names are less idiomatic : thus the kinds of 
EeptUea are Cheloniens, Sauriena, Ophidiena, Batro' 
ciens, all which are of Greek origin. In like manner, 
Ksh are divided into Ckondropteryffiens, Malacoptery- 
giena, AcimOiopteTygiena. The unvortebrated animals 
are Molhiaques, Animaiae articvlea, and AnimaiLX ray- 
cmnea; and the Mollusquea are divided into six classes, 
chiefly according to the position or form of their foot; 
namely, Cephalopodes, Pteropodea, Gasteropodes, Ace- 
phaies, Braehiopodes, CirrJiopodea. 

In transferring these terms into English, when the 
term ia new in French as well as English, we have 
little difficulty; for we may take nearly the same 
liberties in English which are taken in French; and 
hence we may say marmnifeTe (rather mammals), eeta- 
ceaTis or eetacee, batracioMs (rather bairackiaTia), using 
the words as substantives. But in other cases -we 
must go back to the Latin: thus we say radiate anl- 
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nials, or radiata (rather radiala), for rayonn^ee. These 
changes, however, rather refer to another Aphorism. 

(Mr. Kirby has proposed radiary, radiaries, for 
radiata.) 

5. When new Mineral Species have been established 
in recent times, they have generally had arbitrary 
names assigned to them, derived from some person or 
places. In some instances, however, descriptive names 
have been selected ; and then these have been generally 
t^en from the Greek, as Augite, Stilbite, Diatpore, 
Diekroite, Bioptass, Several of these Greek names 
imposed by Haiiy, refer to some circumBtances, often 
feneifully selected, in his view of the ciyatallization of 
the substance, as Epidote, Feridote, PUonasl. Similar 
terms of Greek origin have been introduced by others, 
as Orthite, Anorthile, FeriMirh. Greek names founded 
on casual drcumstauces are less to be commended. 
Berzelius has termed a mineral Eachynile, from oiV- 
^uv^, sha/me, because it is, he conceives, a shame for 
chemists not to have separated its elements more dis- 
tinctly than they did at first. 

6. In Botany, the old names of genera of Greet ori- 
gin are very numerous, and many of them are descrip- 
tive, as Glyeyrkiea (yXuuiis and pt'^o, sweet root) liquor- 
ice, Rhododendron (rose-tree), HcEmatoxylon (bloody 
■wood), Chrysocoma (golden hair), Alopecunts (fox-tail), 
and many more. In like manner there are names 
which derive a descriptive significance from the Latin, 
either adjectives, as I-mpatiens, Glorioaa, Sagiitaria, 
or substantives irregularly formed, as Tiissilago (i 
tussis domatione), Urlica (ab urendo tactu), Sahola 
(i, salsedine). But these, though good names when they 
are established by tradition, are hardly to be imitated 
in naming new plants. In most instances, when this 
is to be done, arbitrary or local names have been 
selected, as Strelitzia. 

7. In Chemistry, new substances have of late had 
names assigned them from Greek roots, as Iodine, from 
its violet colour, Chlorine from its green colour. In 
like inauiier fluoiine has by the French chemists been 
called Fhthor, from its destructive properties. So the 




326 ATHORisus coscssasisa 

itew metals. Chrome, JChodiuiH, Iriditun, Owmnun, bad 
name* of GrecJt ilerivatioii deacriptive of th^ proper- 
tiea. Some such tenoK, hovever, were borroired ima 
localitiea, as Strtmlia, Yttria, the names of new earths. 
Others have a mixed origm, as PyrogaUtc, PyroaeHie, 
aod Pyroligaei/ua Spirit. In some cases the derivation 
has been extravagantly capricious. Thus io the pro- 
cess for making Fyrogallic Acid, a certain substance is 
lefb behind, from which M.. Bracoonot extracted an 
acid which he called EUagia Acid, framing the root of 
the name by reading the word Gaile backwards. 

The new laws which the study of Bectro-chemiatFy 
brought into view, required a new terminology to ex- 
press their conditions: and in this case, as we have 
observed in speaking of the Twelfth Maxim, arbitrary 
wortla are less suitable. Sir, Faraday very properly 
borrowed from the Greek his terms Eleetroli/le, Elec- 
trode, Anode, Cathode, Anion, Catkioa, Didectric la 
the mechanioo-chemical and mechanical sciences, how- 
ever, new terms are leas copiously required than in the 
sciences of classlG cation, and when they are needed, 
tlicy are generally determined by analogy from existing 
terms. Tk&nno-electricily and Elecbro-dynamica wera 
terms which very naturally offered themselves; Ni 
bill's tliarmo-muUipUer, Suow Harris's unit-jar, w* 
almost equally obvious names. In such cases, it 
generally possible to construct terms both compendit 
and descriptive, without introducing any 

8. The subject of Crystallography has inevitabl 
given rise to many new terms, since it brings und< 
our notice a groat number of new relations of a very 
definite but very complex form. Haity attempted 
to find names for all the leading varieties of crystaJs, 
Olid for this purpose introduced a great number of 
new terms, founded on various analogies and aUusiauB. 
Thus the forms of oalc-spar are termed by him primi- 
tive, e^iaxe, inv^se, ■metastatifpie, contraalante, imi- 
table, hvrkomhoidaie, primtalvjue, apopkane, imitemMi 
biiunUaire, dodlcaSdre, contractie, dUatSe, aexdi 
itiale, biaalleme, binotemai/re, and mauy others. 
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want of uniformity in the origin and acheme of these 
denominations would be no valid objection to them, if 
any general truth could be expressed by means of 
them : hut the &ct ia, that there is no definite dis- 
tinction of these forma. They pass into each other 
by insensible gradations, and the optical and physical 
properties which they poasesa are common to all of 
them. And as a mere enunciation of laws of form, 
this terminology ia insufficient. Thus it does not at 
all convey the relation between the bisalieme and the 
binoternaire, the former being a combination of the 
melastatique with the pHsmatique, the latter, of the 
metastatdqvs with the cotiira^a/TUe : again, the eontra- 
sttmle, the mixte, the e^^boide, the coiUractee, the di- 
lates, all contain feces generated by a common law, the 
index being respectively altered so as to be in these 
OBses, 3, f, f, J, I; and thia, which ia the moat im- 
portant geometrical relation of these forma, ia not at 
all recorded or indicated by the nomenolatui-e. The 
feet is, that it is probably imposaible, the subject of 
crystallography having become ao complex as it now ia, 
to devise a system of names which shall express the 
relations of foi-m. Numerical symbols, such as those 
of Weiss or Naumann, or Professor Miller, are the 
proper ways of espresaing these relations, and are the 
only good crystallographic terminology for cases in 
detail. 

The terms used in expressing crystallographic laws 
have been for the most part taken from the Greek by 
all writers except some of the Germans. These, we 
have already stated, have constructed terms in tiieir 
own language, as eweirund-ein gliedrig, and the like. 

In Optics we have some new terms connected with 
crystalline laws, as wiiaxal and biaaxd crystals, optical 
axes, which offered themselves without any effort on 
tlie part of the discoverers. In the whole history of 
the undulatory theoiy, very few innovations in lan- 
guage were found necessary, except to fix the sense of 
a few phi'ases, as plane-polari£^ light in opposition to 
cireidarly-polariaed, and the like. 

T!ua is still more the case in Mechanics, Astronomy, 
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and pure mathematics. In tbese sciences, sereral- 
the primary stages of generalization being 
passed over, when any new steps are made, we have 
before us some analogy by vhich we may frame 
new terms. Thua when the plane of maximum areat 
was discovered, it had not some new arbitrary dene 
nation assigned it, but the name which obvionaly 
scribed it was fixed as a technical name. 

The result of this survey of the scientiGc termg 
rec«nt furmation seems to be this; — that indigenooB 
temiH may be employed in the descriptions of facta 
and phenomena as they at first present themselves; 
and in the first induction from these; but that when 
we come to generalize and theorize, terms borrowed 
from the learned languages are more readily fixed and 
made definite, and are also more easily connected with 
derivatives. Our native terms are more impressive, 
and at first more intelligible; but they may wander 
from their scientific meaning, and are capable of little 
inflexion. Words of classical origin are precise to the 
careful student, and capable of expressing, by their 
inflexions, the relations of general ideas; but they are 
unintelligible, even to the learned man, without ex- 
press definition, and convey instruction only tlirongb 
an artificial and rare habit of thought. 

Since in the balance between words of domestic and 
of foreign origin so much depends upon the possibility 
of inflexion and derivation, I shall consider a 1"' 
more closely what are the limits and considerat 
which we have to take into a«coiuat in 
that subject. 

Aphomsm XXI. 
Jn the eompoiiCion and injle^ioa of technieal tertnt, J 
lological analogic) are to be preserved ifpossSile, but n 
fed according to leientifc convenience. 

In the language employed or proposed by write 
upon subjects of science, many combinations and for? 
of derivation occur, which would be rejected and o 
demned by those who are careful of the puiity c 
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correctriesa of langn^e. Such auomi 
avoided as much as possible; but it i: 
escape them altogether, if we are to have a scientific 
language which haa any chance of being received into 
general use. It is better to admit compounds which 
are not philologically correct, than to invent many 
new words, all strange to the readers for whom they 
are intended ; and in writing on science iu our own 
language, it is not pceaible to avoid making additions 
to the vocabulary of common life; since science re- 
quires exact names for many things which common 
language has not named. And although these new 
names should, as much as possible, be constructed in 
conformity with the analogies of the language, such 
extensions of analogy can hardly sound, to the gram- 
marian's ear, otherwise than as solecisms. But, as our 
maxim indicates, the analogy of science is of moi-e 
weight with us than the analogy of language ; and al- 
though anomalies in our phraseology should be avoided 
as much as possible, innovations must be permitted 
wherever a scientific language, easy to acquire, and 
convenient to use, is unattainable without them, 

I shall proceed to mention some of the transgres- 
sions of strict philological rules, and some of the 
extensions of grammatical forma, which the above 
conditions appear to render necessary. 

I. The combination of different languages in the 
derivation of words, though to be avoided in general. 



Such words are condemned by QuintOian and other 
gramnuirians, under the name of hybridi, or things of a 
mixed race ; as bictinium, from bie and kXivtj ; epitogium, 
from iwl and (030s. Nor are such terms to be un- 
necessarily introduced in science. "Whenever a homo- 
geneous word can be formed and adopted with the 
same ease and convenience as a hybrid, it is to be pre- 
ferred. Hence we must have ichthyology, not piscology, 
eiUomology, not insectology, inseciivorous, not insecl- 
opliagoug. In like manner, it would be better to say 
UTiocftluB than jitonocTtlug, though the latter has the 
sanction of Limweiis, who was a purist in such matters. 
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Dr Tnrner, in his Chemvitry, speaks of pntoaddet 
hinoxidet, which comlnnaiion vioUtee the rale for 
mskinj^ the materials of our terms as homogeneons as 
[K«aible ; protoxide and rkvioxid« would be preferable, 
both on this aod on other accounts 

Yet this rule admits of exceptions. Mineraiogy, 
with ita Greek termioation, has for its root irunera, a 
raedieval Latin word of Teutonic origin, and is prefiEr- 
aUe to OTycloloiiy. Terminology appears to be better 
than GloMoloffi/ : which according to ite derivatioii 
would be rather the science of language in general 
tbaa of technical termaj and Horology, from opos, a 
term, would not be immediately intelligible, 
Greek scholars; and is aJi^eady employed to iodii 
the Bcience which treats of horologes, or time-piec( 

Indeed, the English reader is become quite fam: ^ 
with the termination ology, the names of a large num- 
ber of branches of science and learning having that 
form. This termination ia at present rather appre- 
hended aa a formative affix in our own language, indi- 
cating a science, than as an element borrowed from 
foreign language. Hence, when it is difficult 
|)OHHible to find a Greek term, which clearly designates 
the subject of a science, it is allowable to employ s 
other, as in Tidology, the doctrine of the Tides. 

Tlio same remark applies to some other Greek 
ments of scientific words : they are so finuiliar to 
that iu composition they are almost used as part 
our own language. This naturalization has taken 
place very decidedly in the element orcS, (opx^si a 
leader,) as we see iu archMshop, wrcliduke. 
fected in a great degree for the preposition 
wo apeak of anti-slavery societies, anli-TefoJ 
hUioTii, or anli-aoid medicines, without being ooi 
of any anomaly. The same is the case with the 
prepoBitioD prcb or pre, as appeals from such words 
pro-engage, pre-arrange, pre-judge, pre-paid; and 
some measure with pro, for in colloquial laogu^e 
speak of pro-catholics and anti-catkolieg. Also 
preposition a/tUe is similarly used, as imCe-nieene &,H 
The preposition co, abbreviated from con, and im 
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ing things to be simultaneoiia or coimected, ia firmly 
established &9 part of the language, an we see in coexist, 
co/teir, coordinate; hence I have called those linea co- 
tidal lines which pass through places where the high 
water of the tide occnra Bimuitaneoualy. 

a. As ia the course of the mixture by which our 
language has been formed, we have thus lost all habi- 
tual consciousness of the difierence of its ingredients, 
(Greek, Latin, Nonuan-French, and Anglo-Saxon); we 
have also ceased to confine to each ingi'edient the mode 
of grankraatical inflexion which originally belonged to 
it. Thus the termination, ive belongs peculiarly to 
Latin adjectives, yet we say sportive, talkatiee. In 
like manner, able is added to words which are not 
Latin, as eatable, driniabte, pitiable, enviable. Also 
the termination al and icat are used with various roots, 
as loi/al, Toyal, fa/irmcal, vihimMcal; hence we may 
make the adjective tidal from tide. This ending, o^, 
is also added to abstract terms in imi, as occasional, 
proviaionaZ, intentional, Twtioncd; hence we may, if 
necessary, use such words as ed/ucalional, termina- 
tional. The ending ic appears to be suited to proper 
names, as Pvnda/ric, Socratic, Platonic; hence it may 
be used when scientific words are derived from pro]>er 
names, as Volledo or Galvanic electricity : to which I 
have proposed to add Franklinic. 

In adopting scientific adjectives from the Latin, we 
have not much room for hesitation; for, in such cases, 
the habits of derivation from that language into our 
own are very constant; imcs becomes ive, as decursive; 
inus becomes ine, as in feevne; aim becomes ale, as 
hastate; and lis often becomes oits, as rvfwis; aris be- 
comes a/ry, as axiUa/ry; ens becomes ent, as ringent. 
And in adopting into our langutige, as scientific terms, 
words which in another language, the French for in- 
stance, have a Latin origin ferailiar to ua, we cannot 
do better than form them as if they were derived 
directly from the Latin. Hence the French adjectives 
eitace, eruBtace, lestace, may become either ceiaceoits, 
cmstaeeofts, testaneous, according to the analogy of 
farinaeecma, predaceoiu, or else cetaceam, cniMaceivn, 




In p"— i^^ at Iha mama icmaA, romgatr beoames 
rmtaU; ud edaUi wsld heeaam edemtatc, bvt that 
tliN vord ia i^eeted on «""**"- aeamit: Ifae a^eo- 
tim &MM«M aaiil jModriMUNe aie fiinrnwnm utd fiiaif- 

nMMHMKU; 

3. Thera is not mndi difficnitj in tlnis Ibtntuig 
K^ectires: bnt the [mpaaes of Katnral HistoiT' re- 
qoire thftt we Bhould lure sabebntivca coirespoodii^ 
to these adjectJTcs; and these cannot be obtained witb- 
oot some exten^on of the analogies of onr langnage. 
We cannot in general nse adjectives or participles aa 
aingniar anbBtantiTes. The happy or tA« doomed vonld, 
acoaniiag to good English nsage, agniiy tho«e who are 
happy and those who are doomed in the plural. Hence 
we oonld ncpt apeak of a particular scaled animal as ihe 
gqwamale, and still less could we call any snch animal 
a tqwivuUe, or speak of tiptajnateg in the pltual. Some 
of the fonns of our adjectives, however, do admit of 
this rabetantit-e use. Thos we talk of Europeans, ple- 
bewu, rept/iilUans ; of divtTtes and maaciUina; of tha 
ullramimtattea ; of mordants and briUia'nU; of a&atew^ 
gsTUs and emoUi^nts; of merecnarUs and tributa 
of animale, manuaU, and o^iciale; of difiuativei Ku3^ 
motivee. We cannot generally use in this way adjectiT< 
in oiM, nor in ate (though reprobatft is an exceptdon), 
nor English participles, nor adjectives in which there 
is no termination imitating the latin, as happy, good. 
Hence, if we have, for purposes of science, to convert 
adjectives into substantives, we ought to follow the 
form of examples like these, in which it has already 
appeared in fact, that snch usage, though an innova- 
tion at first, may iiltimately become a received part of 
the language. 

By attention to this rule we may judge what ex- 
pressions to delect in cases where substantivea ara 
nealed. I will take as an example the division t 
t^ a animals into Orders. These OrdN 
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according to Cuvier, are Bima. 
nagaiera, Rongeurs, Edsntia, Rmninana, . 
GUacea; and of these, Bvmcenea, Qtiadrujiianee, 
denla, RuTtiinanta, Pachyderms are admissible a& "En.- 
glish subBtantires on the groundB just stated. Cataceoita 
could not be used aubstantiyely ; but Cetaaecm in auch 
a usage is sufficiently coauteDaoced hj such casei as 
we have mentioned, patrician, &c.; hence we adopt 
this form. "We have no English word equivalent to 
the French CamasHers : the English trauaktor of 
Cuvier has not provided English words for his tech- 
nical terms ; but has formed a Latin word, Cama/ria, 
to represent the French terms. From this we might 
readily form Camaries; but it appears much better to 
take the Linnsean nanie S'erw as our root, from which 
we may take Ferine, aubstentive as well aa adjective; 
and hence we call this oi-der j^erinea. The word for 
which it is most difficult to provide & proper represen- 
tation is Udenti, Edentata: for, as we have said, it 
would be very harsh to speak of the order as the 
Edentates; and if we were to abbreviate the word 
into edent, we should suggest a false analogy with 
rodent, for as rodent is quod rodit, that which gnaws, 
ederU would be quod edit, that which eats. And even 
if we were to take edent as a substantive, we could 
hardly use it as an adjective: we should still have to 
say, for example, the edentate form of head. For these 
reasons it appears best to alter the form of the word, 
and to caU the Order the Edentata, which is quite 
allowable, both as adjective and substantive. 

[An objection might be made to this term, both in 
its Latin, French and English form : namely, that the 
natural group to which it is applied includes many 
species, both existing and extinct, well provided with 
teeth. Thus the armadUlo is remarkable for the num- 
ber of its teeth ; the megatherium, for their complex 
structure. But the analogy of scientific language 
readily permits us to fix, upon the word edentata, & 
special meaning, implying the absence of one parti- 
cular kind of teeth, namely, incisive teetli. Liuiiteus 
called the equivalent order Brvta. We coidd not 



apply in this case the term BnileB ; for common 1 
guage has already attached to the word ft wider mt 
ing, too fixedly for scientific use to trifle with it.] 

There are several other words in ate altout wtieh 
there is the same difficulty in providing subetantive 
forms. Are we to speak of Vertebrtttes ? or would it 
not be better, in agreement with what has been said 
above, to call those Vertebralt, and the opposite claga 
Invertebrah 1 

There are similar difficulties with regard to the 
names of subordinate portions of zoolo^cal claseifica- 
tion; thus the Ferines are divided by Cuvier into 
ClieiroptiTet, Inseetivoree, Gamwores; and these latter 
into Plantigrades, Digitigrades, Amph3>ies, Marsupi- 
ausc. There ia not any great harshness in naturalizing 
these substantives as Ghiroptera, Ineeetivoree, Carni- 
vores, Tlrmtigradee, Digitigradea, Amphibians, and 
Marsupials. These words Carnivores and Inseclvvorea 
are better, beeanae of more flimiliar origin, than Greek 
terms; otherwise we might, if necessary, speak of 
Zoopluigana and Entomophagans. 

It is only with certain familiar adjectival termina- 
tiona, as ous and ate, that there is a difficulty in using 
the word as substantive. When this can be avoided, 
we readily accept the new word, as Pachyderms, i 
in like manner Mollusks. 

If we examine the names of the Orders of Birds, K 
find that they are in I<atin, Fredatores or AecipitraMf .] 
Passeres, Seansores, Rasores or GallmeB, Grallalores, 
Palmipedes and Anseres: Cuvier's Orders are, Oiseaiue 
de Proie, Passerea/ux, Grimpewrs, GallinacSs, EcIum- 
siers, Palmipedes. These may be englislied conveni- 
ently as Predators, Passerines, Sea/naors, GalliTiaceans, 
(rather than Sasors,) Grallators, Patmipedans, [or 
rather Palmipeds, like Mipeds]. Scansors, GraUatort, 
and Jiasors, are better, as technical terms, than CtiTiib- 
ers, Waders, and Scratc/iers. We might venture to 
anglicize the terminations of the names which Cuvier 
gives to the divisions of thme Orders: thus the Pr&- 
datora are the Divmals and the Nocturnals; the 
Fasserinea are the BenHroatres, the Fiaairoslres, the 
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ConiroBtres, the Tenuiroatres, and the Syndftctyh ; the 
word lustre showing that the fovnier termination is 
allowable. The Scansors are not Bub-divided, nor are 
the GaUinaceans. The Grallators are PreBairostres, 
Cidtrirostres, Maerodactyla. The Palmipeds are the 
Plv/ngefg, the ZongipeTiS, the Totipaimet and the 
La/mdlirostrea. 

The next clasiS of Vertebrals is the Reptiles, and 
these are either Clteloniang, Sa/wrio/na, Ophidiam, or 
Jiatrachiant. Cuvier writes BatTcieiene, but we prefer 
the spelling to which the Greek word dii-ccts -as. 

The last or lowest clasa is the Pishes, iu which pro- 
vince Cuvier has hiraaelf been, the great syHtematist, 
and has therefore had to devise many new tanns. 
Many of these are of Greek or Latin origin, and can 
\<e anglicized by the analogies already pointed out, as 
Chondropterygiams, Malacopterygians, Lophobravtdie, 
Plectognaths, GyTanodonts, Scleroderms. IHacoboles and 
ApodeB may be English as well as French. There are 
other cases in which the author has formed the names 
of Families, either by forming a word in ides from the 
name of a genus, aa Gadoides, GtMliides, or by galliciz- 
ing the Latin name of the genus, as Scdmones from 
Saimo, Glvpes from Clupea, JUaoees from Eaox, Gyprina 
from Gyprinus. In these cases Agassiz's favourite form 
of names for families of fiahea has led English writers 
to use the words Gadoids, Gobioida, Salwanoids, Clur 
peoifk, Lucioida (for Esooee), Cyprinoida, io. There is 
a taint of hybridism in this termination, but it is at- 
tended with this advantage, that it has begun to be 
characteristic of the nomenclatare of family groups in 
the class Piaeea. One of the orders of fishea, co-ordi- 
nate with the Ghondropterygians and the Lopho- 
branchs, is termed Osaeuji by Cuvier. It appears 
hardly worth while to invent a substantive word for 
this, when Bony Pishes is so simple a phrase, and may 
readily be nndoratood as a technical name of a system- 
atic order. 

The Mollnsks are the next Olass; and these are 
divided into Cephalopoda, Gastropoda, and the like. 
The Gasteropods are Nudibranolts, Inferobranclis, Tecli- 



bTWnehg,Pecti7iiiira7K:}is,Sciiiihra7ielis, and Cycl<Arrm 
In fhiming moat of tlieue terms Cuyier has made hy-1 
lirids by a combination of a Latin word with branchiiB, 
which is the Greek name for the gills of a fiab ; and. has 
thus avoided loading the memory with words of an 
origin not obvioua to moat naturalbts, as terms derived 
from the Greek would have been. Another division 
of the Gasteropoda is Puimones, which we most make 
PuLmoniana. In like manner the subdivisions of the 
Fectinibraacha are the Trochoidans and £iieeinoidatUt « 
(^Troc/ufidea, BttofindUies). Ihe Aciphales, BJiotiieir oritt 
of Mollusks, may be Aeephais in Engliah. 

After these comes the third grand division, jlt-ficw-^ 
luted Animals, and these are Annelidam, Crustaceans, 
Arachnidans, and iTtsects. I shall not dwell upon the 
nainea of these, as the form of English words which ia 
to be selected must be auihciently obvious frotn the 



Finally, we have the fourth grand division of ai 
the Rayomiee, or Radiata; which, for res 
given, we may call Eadiale, or RadiarUs. These are- ' 
Echmoderms, IntesUnals, (or rather £!ntaioans,) Aea- 
lephes, and Polyps. The Polyps, which are composite 
animals in which many gelatinous individuals are con- 
nected so as to have a common life, have, in many cases, 
11 more solid framework belonging to the common part 
of the animal. This framework, of which coral is a 
special example, is termed in French Pblypier; the 
word has been anglicized by the word polyptMy, after 
the analogy of a/ma/ry and apimy. Thus Polyps are 
either Polyps with Polyparies or Naked Polyps. 

Any common kind of Polyps has usually in 
English language been called Polypus, the Greek t 
mination being retained. Thia termination in i 
however, whether Latin or Greek, ia to be excludi 
from the English as much as possible, on account a 
the embarraiisment which it occasiona in the formaticn 
of the plural. For if we say Polypi the word ci 
be Engliah, while Polyjiusea ia harsh : and there is t 
additional inconveni«ice, that both these forms wo 
indicate the plural of individuals rather than of claa 
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If we were to say, ' The Corallines are a Family of the 
Folypusea -with Fohjparies^ it would not at once occur 
to Wie reader that the last three words formed a tech- 
nioal phrase. 

This termination im, which must thus be excluded 
from the names of ikmihea, may be admitted iu the 
designatioD of genera; of aw.maia, as NaMtUua, Echinus, 
Sippopotamut; and of plante, as Crocus, Asparagus, 
Na/rciaaus, Acaftthus, Ranvmcvlut, Fungus. The same 
form ocmirs in other technical words, as Fucus, Mucus, 
(Esophagus, Sydroeephalus, Callus, Caleidus, Uterus, 
Fwtus, jSadius, Focus, Apparatus. It isj however, 
adyisable to retain this form only in casea where it ia 
already firmly established ia the language ; for a mote 
genuine English form ia preferable. Hence we say, 
■vnt}iil[r.'Ljeil,Ic!Uhyo8aur,Flenosa'u/r,Fterodacfyl. In 
like manner Mr. Owen anglicizes the termination eriitwi, 
and speaks of the Anoplot/iere and Paleothere. 

Since the wants of science thus demand adjectives 
which can be used also as substantive names of classes, 
this consideration may sometimes serve to determine 
our selection of new terms. Thus Mr, Lyell's names 
for the subdivisions of the tertiary strata, Miocene, Plio- 
cene, can be used as substantives ; but if such words as 
Mioneous, FUmiMus, had sQgg^ied themselves, they 
must have been rejected, though of equivalent aignificar- 
tion, as not fulfilling this condition. 

4. (a.) Abstract substantives can easily be formed 
from adjectives ; from electric we have electrvnti/ ; from 
galvanic, galvanism; from organic, organization; velo- 
city, levity, gravity, are borrowed from Latin adjectives. 
Caloric is familiarly used for the matter of heat, though 
the form of the word is not supported by any obvious 



(6.) It is intolerable to have words r^ularly 
formed, in opposition to the analogy which their mean- 
ing ofiera; as when bodies are said to have conduct- 
ibHity or caaducUnlity with regard to heat. The bodies 
are conductive, and their property is conductiwi(y. 

(e.) The terminations iae (rather than ise), ism, and 
isl, are applied to words of all origins ; thus we have to 

HO v. OKG. 22 
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ptUverize, to cotonhe, IFiKicwm, Seathenum, Journal' 
\Mt, TobaeamisL Hence we maj make such wonis when 
(Key are wanted. As we cannot use phygieian for a 
cohiTatcr of phndca, I bare called hun a PAtfiieiaL 
We need very mnch. a name to describe a cnltfrator of 
generaL I ahoald incline to call him a 
Scietuist. Thus we might say, that as an Artist is a 
Huaician, Painter, or Poet, a Scientist is a Mathema- 
tician, Physicist, or N^aturalist. 

{d.) Connected with verbs in ise, we have abstract 
nonna in isation, as pdarvxition, cryOatliailuni. These 
it appeara proper to spell ia Englii with z rather than 
e; governing our practice by the Greek verbal termi- 
nation iCio which we imitate. Bnt we most observe 
that verbs and subiitantives in yge, {aitalj/m), belong 
to a different analogy, giving an abstract noun in yais 
and an adjective ytic or ytkal; (analysis, analytic, 
analytieal). Hence electrolym is more proper ttmn. 
eU<iTolyee. 

(e.) The names of many sciences end in ics after 
the analogy of Matliemaiics, MelaphysKs; as Optics, 
Mechanics. But these, in most other languages, aa in 
our own formerly, have the singular form Optiix, FOp- 
tique, Optik, Oplick : and though we now write Optica, 
we make such words of the singular number : ' New- 
ton's Opticfea is an example.' As, however, this con- 
neidon in new words is startling, as when we say 
' Thermo-electrics ia now much cultivated,' it appears 
better to employ the singular form, after the analogy 
of Logic and. Rhetoric, when we have words to con- 
struct. Hence we may call the science of languages 
Linguiatic, as it is called by the best German writers, 
for instance, William Von Humboldt, 

5. In the derivation of Eugliah from Latin or Greek 
words, the changes of letters ai-o to be governed by. the 
rules which have generally prevailed in such cases. 
The Greek ot and at, the Latin oe and ae, are all con- 
verted into a simple e, as in Ecoaaraj, Geodesy, penal, 
Cesar, Hence, according to common usage, we should 
write phenomena, not phenomena, paleontology, not 
paliEontology, mioceae not mioci^ne, pekilito not pce^ 
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kiUfce. But in order to keep more clearly in view the 
origin of our terms, it may be allowable to deviate Irom 
these rules of chaoge, especially so long bm the words 
are new uid nnfaouliar. Dr. Buckland speaks of the 
poUeilitie, not peaUitic, group of strata; palaxmtology 
is the spelling commonly adopted; and in imitation of 
this I have written pa^iology. The diphthong ti was 
by the Latins changed into i, as in Aristides ; and 
hence this has been the usual form in Euglish. Some 
recent authors indeed (Mr, Mitford for instance) write 
Ariataides ; but the former appears to be the more 
legitimate. Hence we write miocene, pliocene, not 
meiocene, pleiooene. The Greek v becomes y, and ou 
becomes u, in English as in Latin, as cn/stal, colure. 
The conaonantfl k and x become c and eh accord- 
ing to common usage. Hence we write crystal, 
not chryatal, batratftian, not batracian, cryolite, not 
cAryohte. As, however, the letter c before e and i 
differs from k, which is the sound we assign to the 
Greek k, it may be aJiowahle to use k in order to avoid 
this confusion. Thus, as we have seen, poiiilite has 
been used, as well as pecilite. Even in common lan- 
guage some authors write sAeptic, which appears to be 
better than sceptic with our pronunciation, and is pre- 
ferred by Dr. Johnson. For the same reason, namely, 
to avoid confusion in the pronunciation, and also, in 
order to keep in view the connexion with eatkode, the 
elements of an electrolyte which go to the anode and 
cathode respectively may be termed the anion and 
catAion ; although the Greek would suggest cation, 

6. The example of chemistry has shown that we 
have in the terminations of words a resource of which 
great use may be made in indicating the relations of 
certain classes of objects : as sulphurous and sulphuric 
acids ; aulpho(e«, sulphiies, and so\p\aiirelB. Since the 
"introduction of the artifice by the Ijavoiaierian school, 
it has been extended to some new cases. The Chlorvne, 
Fluorme, BromiTje, lodijie, had their names put into 
that shape in consequence of their supposed analogy ; 
and for the same reason have been termed Chlore, 
22—2 
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Phlore, Brome, lode, by French ctemists. In lite 
manner, the names of metals in their Latin ibim have 
been made to end in nm, ad Osmium, Palladium; 
and hence it is better to say Platinum, Molybden- 
um, than Platina, Mnlybdecui. It has been proposed 
to term the basis of Boracic acid Borim; tmd those vho 
conceive that the basis of Silica baa an analogy with 
Boron bave projiosed to term it Sibcon, -while those » 
■who look upon it aa » metal woxdd name it Sibciwi. 
Selenium was ao named when it was supposed to be a 
metal : aa its analogies are now acknowledged to be of 
another kind, it would be desirable, if the change were 
not too startbng, to term it Seleti, aa it is in German. 
PhosphoTJis in like manner might be Phosphur, which 
would indicate its analogy with Sulphur. 

The resource which terminations offer has been ap- 
plied in other cases. The names of many species of 
minerals end in liie, or ile, as Stauroitte, Angife. 
Hence Adolphe Brongniart, in order to form a name 
for a genus of fossil plants, has given this termination 
to the name of the recent genus which they n 
resemble, as ZamiCas, from Zamia, Lycopodifss 
Lycopodiom. 

Names of ditferent genera which differ i 
tion only are properly condemned by Linnie' 
Alsine, Alainoides, Ahmella, AlsinaMrum; for there 
is no definite relation marked by those terminations. 
Linniens gives to such genera distinct names, Alsine, 
Bufonia, Sagina, Elaiine. 

Terminations are well adapted to express definite 
aystematic relations, such as those of ehemistiy, but 
they must be employed with a due regard to all the 
bearings of the system. Davy proposed to denote the 
combinations of other substances with chlorine by 
peculiar terminations ; using ane for the smalleat pro- 
portion of CUorine, and anea for the larger, as Cup- 
rane, Ciipranea. In this nomenclature, common salt 
would he Sodane, and Chloride of Nitrogen would be 
Ax(Aane. This suggestion never found favmir. 
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objected that it was contrary to the LinnsBan pre- 
cept, that a specific name must not be muted to a 
geneiic termination. But this waa not putting the 
matter exactly on its right grountl ; for the rules of 
nomenclature of natural history do not apply to 
chemistry; and the Linnieau rule might with equal 
propriety have been adduced as a condemnation of 
such terms as Sulphurojw, Sulphuric. But Davy's 
terms were bad; for it does not appear that Chlorine 
enters, as Oxygen does, into so large a portioa of 
chemical compounds, that its relations afford a key to 
their nature, and may properly be made an element 

This resource, of terminations, has been abused, 
wherever it has been used wantonly, or without a defi- 
nite significance in the variety. This is the case in 
M. Beudant's Alineralogy. Among the names which 
he haa given to new Bpeciea, we find the following 
(besides many in its), Scolexerose, Opsimose, Exan- 
thel(w«, Ac; Diacrfwe, Panabose, NeopltMe; Neoclew; 
Ehodowe, Stibiconwe, &o. ; Marcelijie, Wilhelmine, 4c. ; 
Exited, and many others. In addition to other objec- 
tions which might be made to these names, their 
variety is a material defect : for to make this variety 
depend on caprice alone, as in those cases it does, is to 
throw away a resource of which chemical nomenclature 
may teach us the value. 



ApHOmsM XXI T. 
When alterations in technical lenns become n 
M desiriAle that the new term ihould contain in its form 
some memorial of the old one. • 

We have excellent examples of the advantageous 
use of this maxim in Linnffius's reform of botanical 
nomenclature. His innovations were very extensive, 
but they were still moderated as much as possible, and 
connected in many ways with the names of plants then 
in use. He has himself given sevei'al ndes of nomen- 
clature, which tend to establish this o 



old and new in a reform. Thus he sajs, ' Genraic 
names which are cmrettt, and are not accompanied 
with harm to botauj', dicmld be tolerated'.' 'A 
passable generic name is not to be changed for another, 
though more apt'.' * New generic names are not to 
be framed so long as passable synonyms are at hand*.' 
'A generic name of one genns, except it be super- 
fluooB, is not to be tmneferred to another genus, though 
it suit the other better',' 'If a received genus re- 
quires to be divided into Bereral, the name which 
before included the whole, shall be applied to the most 
common and familiar kind'.' And ^ough he rejects 
all generic names which have not a Greek or l^tiu 
root', he is willing to mate an exception in favonr of 
those which from their form might be snpposed to 
have such a root, though they are really borrowed fi-om 
other languages, as Thea, which is the Greek for god- 
dess ; Goffea, which might seem to come from a Greek 
word denoting mlence (kim^%); Gk&ranihue, which ^>- 
pears to mean hand-flower, but is really derived &oin 
the Arabic Keiri: and many otheia. 

As we have already said, the attempt at a reforma- 
tion of the nomenclature of Mineralogy made by Pro- 
fessor Mobs will probably not produce any permanent 
effect, on this account amongst others, that it has not 
been conducted in this temperate mode; the innova- 
tions bear too large a proportion to the whole of the 
names, and contain too little to remind us of the 
known appellations. Yet in some respects Professor 
Mohs has acted upon this maxim. Thus be has called 
one of his classes Spar, because Felspar belongs to it. 
I shall venture to offer a few suggestions on this sub- 
ject of Mineralogical ^Nomenclature. 

It has already been remarked that the confusion 
Hid complexity which prevail in this subject render a 
reform vary desirable. But it wiJl be seen, from G 
reasons assigned under the Ninth Aphorism, that B 
permanent system of names can be looked for, till I 
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sound system of classiGcatiqn be established. The best 
mineralogioal Bjatems recently published, however, ap- 
pear to converge to a common point; and certain 
classes have heen formed which have both a natural- 
historical and a chemical significance. These Classea, 
according to Naumanzi, whose arraugem,ent appears 
the best, are Hydrolytes, Haloids, Silicides, Oxides of 
Metals, Metals, Sulphurides (Pyrites, Glances, and 
Blendes), and Anthracides. Now we find; — that the 
Hydrolytes are aU compounds, such as are commonly 
tei-raed Sails;— tha-t the Haloids are, many of them, 
already called Spars, aa Calc Spar, Seavy Spar, Iron 
Spar, Zine Spar; — that the SUieides, the most nume- 
rous and difficult class, are denoted for the most part, 
by single worda, many of which end in iie; — that the 
other classes, or subclasses, Oondea, Pyrites, Glances, 
and Blendes, have commonly been ao termed; aa Red 
Iron Oxide, Iron Pyrites, Zinc ^fewde/— while pure 
metals have usually had the adjective native prefixe*!, 
as Native Gold, Native Copper. These obvious fea- 
tures of the earrent names appear to afibrd us a basis 
for a. systematic nomenclature. The Salts and Spars 
might all have the word salt or spwr included in their 
name, as Natron, Salt, Glauber Soli, Rock Salt; Calc 
Spar, BiUer Spar, (Carbonate of lime and Magnesia), 
Fluor Spar, Plwsphor Spm- (Phosphate of Lime), 
Sermy Spar, CelesUne Spar (Sulphate of Strontian), 
Ch/romtG Lead Spar (Chromate of Lead) ; the SUiades 
might all have the name constructed so as to be a 
single word ending in ite, as Chahamte (Chabasie), 
NatrolUe (Mesotype), Sommite (Nepheline), Pislaeite 
(Epidote); from this rule might be excepted the GeTne, 
as Topaz, Emerald, Comndu/m, which might retoin 
their old names. The Oxides, Pyrites, Glances, and 
Blendes, might be so termed; thus we should have 
Tungstic Iron Oxide (usually called Ttingstate of Iron), 
Arsenical Iron Pyrites (Mwpickel), Teirakedral Cop- 
per Glatnce (Fahlerz), Quici^ver Blende (Cinnabar), 
and the metals might bo termed native, as Native Cop- 
per, Native Silver. 

Such a nomenclature would take in a veiy large 
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pnipdrtian of commonlT receiTe<] sppdlations, esjieei:' 
ally if ire wtse to select among tLe ayaooYnia, as is 
proposed above in the caae of Glauber Sail, Bitter Spar, 
Sommite, PwtacUe, Nairoliie. Hence it miglit bo 
adopted without serious inconvenience. It would inske 
convey iuformation respecting tbe place of 
the mineral in the system ; and hj imposing this con- 
dition, wonld limit the extreme csprice, botL aa to 
origin and form, which has hitherto been indulged in 
ifflpoeing minenJogical names. 

The principle of a mineralogical nomenclature de- 
termined by ^e place of the species in the system, has 
been recognized by Mr. Bendtuit an well as Mr. Moha 
The former writer baa proposed that we should eay 
Carbonate Caleaire, CarboiiaU Witkente, Sidpkate 
Coaperose, Silicate StUbite, Silicate Gkabatie, and ao on. 
But these are names in which the ]mrt added for the 
Bake of the system, ia not incorporated with the com- 
mon name, and would hardly make its way into com- 
mon use. 

We have already noticed Mr. Mohs's desig;nation8 
for two of the SyBtema of CJrystallization, the JPyra- 
midai and the PriitnaUic, as not characteristic If it 
were thought advisable to reform such a defect, this 
might be done by calling them the Square Pyramiidal 
and the Oblong Prigmatie, which terms, while they ex- 
pressed the r^ distinction of the systems, would be 
intelligible at once to those acquainted with the Mohs- 
ian terminology. 

I will mention another suggestion respecting tbe 
inti-oduction of an improvement in scientific language^ 
The tei-m Depolarization was introduced, because it 
was believed that the effect of certain cryatala, when 
polarised light was incident upon them in certain posi- 
tions, was to destroy the peculiarity which polarization 
had produced, But it is now well known, that the 
effect of the second crystal in general is to divide the 
polarized ray of light into two rays, polarized in dif- 
ferent planes. Still this effect is often spoken of as 
Depolariiatimi, no l>etter term having been yet devised, 
I have proposed and used the term Dipolarization, 
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which well expreases what takes place, and so nearly 
resembles the elJer word, that it must aoimd familiar 
to those already acquainted with writings on this 
subject. 

I may m.ention one term, in another department of 
literature which it appears desirahle to reform in the 
same manner. The theory of the Fine Arts, or the 
philosophy which speculates concerning what is beau- 
tiful in painting, BOulpture or architecture, and other 
arts, often requires to be spoken of in a single word. 
Baumgai'ten and other German writers have termed 
this proTince of speculation ^ffsiAetwa; aUrSavtirdai, to 
perceive, being a word which appeared to them fit to 
designate the perception of beauty in particular. Since, 
however, ceathetica would naturally denote the Doctrine 
of Perception in general i since this Doctrine requires 
a name; since the term (sat/ietics haa actually been 
appHed to it by other German writers (as Kant) ; and 
since the essential point in the philosophy now spoken 
of is that it attends to Beauty; — it appears desirable 
to change this nam& In pursuance of the maxim now 
before na, I should propose the term Callcealhelics, or 
rather (in agreement with what was said in page 338) 
CaltcES^ic, the science of the perception of beauty. 
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I. BoTjUTT, 

Tbe nomenclature of BotuiT as reaened fro^ t 



i. 



1 b^ Liniuraa, hue i 
danger of relapsing into dlacmJer or beotnuing intoler- 
ably ezteiiHive, in conseqnenoe of the mnltipHcatkii) at 
genera by the 0eparatit>D of one old genns into several 
new ones, and the like anbdivisions of the higher groapa, 
an ifnhrlnwim and claaaee. This inconTenience, and the 
origin of it, bare be«n so well pointed ont by Mr. G. 
Bentham', that I bIibII venture to adopt his jodgmeot 
38 an Aphorisn), and give his reasons for it. 

Aphorism XXIII. 
/( ii of the grwtat importanee thai the Group* which 
give lliar tahitantive nanwe to tvety indaded tpeeia tkould 

It will \ie recollected that according to the Linneeau 
nomenclature, the genua ia marked by a substantive, (as 
Roaa), and tbe species designated by an adjective added 
to this 8ubstantiTe, (as Rosa Alpina) ; while the natu- 
ral orders are described by adjectives taken subataa- 
tively, (as Hosacea). But this mle, though it has been 
universally assented to in theory, has often been devi- 
ated fixim in practice. The number of known species 
having much increased, and the language of Linnaeus 
and the principles of Jussieu having much augmented 
the facilities for the study of affinities, botanists have 
become aware that the species of a genus and the genera 
of an order can be collected into intermediate groups 
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aa natural and as well defined as the genera and ordetn 
themBelvea, and names are required fur tlieso subordi- 
uate groups as mucb. as for the genera &ad ordera. 

Now two courses hare been followed iii providing 
names for these subordinate groups. 

I. The original genera (considering the case of genera 
in thefirst place) have been preserved, (if well founded); 
and the lower groups have been called tuhgenera, me- 
lionn, anAaectitms, di/oixions, &c. : and the original names 
of the genera have been maintained for the purpose of 
nomenclature, in order to retain a oonvooient and stable 
language. But when these subordinate groups are so 
'well defined and so natural, that except for the conve- 
nience of language, they might he made good genei'a, 
there are given also to these subordinate groups, sub- 
stantive or snbstantively-taken adjective najuea. When 
these subordinate groups are less defined or less natural, 
either no names at all are given, and they are distin- 
guished by figui-ea or signs such as *, **, or § i, § 2, 
&c or there are given them mere adjective names. 

Or, 2, To regard these intermediate groups between 
species and the original genera, as so many independent 
genera ; and to give them substantive names, to be used 
in ordinary botanical nomenclature. 

Now the second course is that which has produced 
the intolerable multiplication of genera in modern 
times ; and the first course is the only one which can 
save botanical nomenclature from replunging into the 
chaos in which Linnsua found it. It was strongly ad- 
vocated by the elder De CandolJe ; although in the 
latter years of his life, seeing how general was the dis- 
jKisition to convert his subgenera and sections into 
genera, he himself more or less gave in to the general 
practice. The same principle was adopted by End- 
lichen, but he again was disposed to go far in giving 
substantive names to purely technical or ill-definoil 
subsections of genera. 

The multiplication of genera has been much too 
common. Botanists have a natural pride in establish- 
ing new genera (or orders) ; and besides this, it is felt 
how useful it is, in the study of affinities, to define and 
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aQ natural grrtope in evoy gnd^ howgrer ntune- 
nras UU7- maf be : and in tiie UBBH^nse •wmaety of lan- 
goage it is fboitd easj to cran naaaea tDdefinitdT'. 

Bat the argnmenta on the other tide taodk pre- 
pondetat«L In attonpting to introdoee all these new 
nantc* into ordinxij bota^cal lai^ii^^ the taenorj is 
taxed beyond the c^nbilities of anj mind, and the ori- 
gntal and le^ttmate olgect o[ the Tanwuaw notnoi 
tore is wbolljr lost a^t o£ In a pntclf scientific t 
it matten little if the Orders are conTerted into CT 
or Alliances, the Genera into Oniers, and ^e S 
or SubnectiottS into Genera : their rdatire importance 
does not depend on the names given to thiem, bat on 
tiieir height in the scale of comprdieiiaveDesB. Bnt 
for language the great implement withoat which sci- 
ence cannot work, it is of tbe greatest importance as our 
Aphorism declares, That tbe groups which give thear 
RulKtantive names to every species which they indode, 
sboold rem^n lai^e. If, independently of the inevit- 
able increase of Genera by new discoveries, sadi old 
ones as Fimig, BKgcmia, J rum. Erica, £c. are divided 
into 10, 3o, 30, or +0 independent Genera, with names 
and charact^ which are to be recollected before any 
one species can be spoken of ; — if Genera are to be 
reckoned by tens of thousands instead of by thousands ; 
— the range of any individual botanist will be limited 
to a small portion of tbe whole field of the sciences. 

And in like manner with regard to Orders, bo long 
as the number of Orders can be kept within, or not 
mnch beyond a couple of hundred, it may reasonably 
be expected that a botanist of ordinary capacity shall 
obtain a sufGcic-nt general idea of their nature and cha- 
ractera to call them at any time individually to bis mind 
for the purpose of comparison ; but if we double the 
number of Orders, aU is confusion. 

The inevitable confusion and tbe necessity of main- 
taining in some way tbe larger groups, have been per- 
ceived by those even who have gone tbe fui-thest in 
lowering the Bcala of Orders and Genera. As a remedy 
for this confuaion, they projMJse to erect the old gem 
into independent orders, and the old orders into c." 



or divisions. B«t this is but an incomplete resumption 
of the old principles, without the advantage of the old 
nomenclature. 

And it wijl not te asserted, with regard to these new 
genera, formed by cutting up the old ones, that the new 
group ia better defined than the group above it : on the 
contrary, it is frequently leaa so. It ia not pretended 
that Uroitigma or Pha/wnaeomfce, new genera formed 
out of the old genus Ficus, are better defined than the 
genus Ficwe : or that the new genera which have lately 
been cut out of the old genua Begonia, fonn more natu- 
ral gronpa than Begonia itself does. The principle 
which seema to be adopted in such aubdivisions of old 
genera is this : that the lowest definable group above a 
species ia a genua. If we were to go a step further, 
every species becomes a genua with a substantive name. 

It ought always to be recollected that though the 
analytical process carried to the uttermost, and separat- 
ing groups by observation of difierences, ia necessary for 
the purpose of ascertaining the facts upon which botany 
or any other clasaiiicatory science is based, it is a judi- 
cious synthesis alone, associating individuals by the ties 
of language, which can enable tho human mind to take 
a comprehensive view of these facts, to deduce from 
them the principles of the science, or to communicate 
to others either facts or principles. 

2. COMPAKATITE AnATOMY. 

The Language of Botany, as framed by LLnnfeua, and 
regulated by his Canons, ia still the most notable and 
successful example of scientific terminology which has 
obtained general reception among naturalists. But the 
language of Anatomy, and especially of the Compai-a- 
tive Anatomy of the skeleton, has of late been an object 
of great attention to physiologists; and especially to 
Mr. Owen ; and the collectdon of terms which he has 
proposed are selected with so much thought and care, 
that they may minister valuable lessons to us in this 
part of our subject. 

There is, at fii-at sight, this broad difi'erence between 
the descriptive language of Botany and of Comparative 
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Anatomy; that in the former sciaic«^ we hftre Osd^^^^l 
paratively few porta to describe, (calyi, eorolta, iifuwi^^^B 
jiiglU, periearp, »eed, kc.) : while each of these parts is 
susceptible of many forms, for describing whidi with 
. jirecisjou many terms must be provided : in Comparative 

Anatomy, on the other hand, the skeletons of many ani' 
mals are to be regarded as modifications of a common 
type, and the terms by which their parts are described 
are to mark this commnnitj of type. The terminology 
of Botany has for its object deteription; the langoage 
of OomparatiTe Anatomy must have for its basis mor- 
phology. Accordingly, Mr. Owen's terms are 3elect«d 
BO as to express the analogies, or, as he calls them, the 
ttomologieii of the skeleton ; those parts of the skelet^m 
being termed koTnologuet, which have the same place in 
the general type, and therefore ought to have the sama 

Yet this distinction of the basis of botanical ami 
anatomical terminology is not to be pushed too &r. 
The primary definitions in botany, as given by litu- 
nteuB, are founded on morphological views; and imply 
a general type of the structure of plants. These ax& hu 
definitions {Phil. Bot. Art. 86). 

Calyx, Cortex plantie in Fructificatione pr 

Corolla, Liier plants in Flora pnesens. 

Stamek, Viacus pro Pollinia pneparatione. 

PiBTiLum, ViscTis fructui adherens pro Pollinis 



mts. Ibeseareius 

catione pnesens. | 

pnesens. ^^^^^B 

paratione. ^^^^H 

ens pro Pollinis ^^^^^| 

ieminibus, que ^i^^^^H 

ing definitions, ^^I^^^H 
3W in ComparatdfiS^'^^ 
;emis is. to exDress ' 



Pericarpitim, Viscua gravidum seminibus, que 
tura dimittit. 

But in what follows these leading definitions, 
terms are descriptive merely. Now in Comparatdi 
Anatomy, an important object of terms is, to express 
what part of the type each bone reprcflents — to answer 
the question, what is it 1 before we proceed, assuming 
that we know what it is, to describe its shape. The 
difficulty of this previous question is very great when 
we come to the bones of the head; and when we assume, 
as morphology leads us to do, that the heads of all 
vertebrated animals, including even fishes, are 
posed of homologous bones. And, as I have 
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said in the History (b. xvii c. 7), speaking of Animal 
Moqjhcilogy, tte best physiologists are now agreed that 
the heads of vertebrates may be resolved into a series 
of vertebrte, homologically repeated and modified in 
different animals. This doctiiue has been gi^oally 
making ita w&y among anatomists, through a groat 
variety of views I'especting details; and hence, with 
great discrepancies in the luiguage by vhich it has 
been expressed. Mr. Owen has projiosed a complete 
series of terms for the bones of the head of all verte- 
bratea ; and these names are supported by reasons which 
are full of interest and instruction to the physiologist, 
on account of the comprehensive and precise knowledge 
of comparative osteology which they involve; but they 
are also, as I have said, interesting and instructive to 
us, as exemplifying the reasons which may be given for 
the adoption of words in scientific langu^e. The rea- 
sons thus given agree with seTeral of the aphoriama 
■which I have laid down, and may perhaps suggest a 
few others. Mr. Owen has done me the great honour 
to quote with approval some of these aphorisms. The 
terms which he has proposed belong, as I have already 
said, to the Terminology, not to the NomenclaPure of 
Zoology. In the latter subject, the Nomenclature (the 
names of species) the binary nomenclature established 
by Linniena remains, in its principle, unshaken, simple 
and sufQcient, 

I shall l>est derive firom Mr. Owen's labours and re- 
flexions some of the instruotion which they supply with 
reference to the Language of Science, by making re- 
marks on his terminology with reference to such apho- 
risms as I have propounded on the subject, and others 
of a like kind. 

Mr. Owen, in his Momologies 0/ the Vertebrate 
Skeleton, has given in a Tahidar form his views of 
the homology of the bones of the head of vertebrates, 
and the names which he consequently proposes for each 
bone, with the synonyms as they occur in the writings 
of some of the most celebrated anatomical philosophers, 
Cuvier, Geoffrey, Hallmann, Meckel and Wagner, 
Agassiz and Soemmering. And he has added to this 
Table his reasons for dissenting Irom his predecessors 
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to tlie extent to which he hu dooe ack He has done 
this, be n;^ otHj where oatore aeaned iiearly to re- 
fuse her sanction to them; acting npon the maxim (oar 
Aphoriam X.) thai new tcnn» and changea of tosis 
which are not needed is order to expreGS binUi, are to 
be avoided. The iiliutrations which I have there given, 
however, of this muTiiHj tipfiy nth^ to the changes in 
nomenclatoie than in temaadiogf; and thoogh aaaty 
oonsidenitioas ^plf equally to theae two sabjects, there 
are same points in whidi the reasons differ in tl>e two 
cases : especially in this point: — the name^ both of 
genera and of spe^des, in k Bvstem of nomenclature, maj 
be derived bom casual or arbitraiv circnmstsnces, as I 
have said in Aphorisia XXIL Bnt the t«rms of a scien-* 
ti£c terminolf^ ought to cohere as a system, and there- 
fore should not commonly be derived from anything 
casoal or arbitrary, bnt from some analogy or ooo- 
nexion. Hence it seems anadvisahle to ^ply to bones 
terms derived from the names of persons, as otaa hvp- 
mtanay or even from an accident in anatomical his- 
tory, as (w tTinominaiuTit. 

It is farther desinble that in establishing audi a 
terminology, each bone should be dengnsted l^ a n&^e 
word, and not by a descriptive phrase, oonastiiig of 
BubetfUtive and adjective. On this ground Mr. Owen 
jiroposee pretphenoid for Bphenoide anUrieur, So also 
prefrontal is preferred to anterior frvnUd, and pott- 
frontal to potterior frotdai. And the reason which he 
gives for this is worthy of being stated as an Apho- 
rism, among those which shonld r^nlate this subject. 
I aball therefore state it thus : 

Aphoribm XXIT. 

It U advitabU b> lubititute definiu tingle noma Jbr 
teriptive pkraia at better fiufrummf) of VumglU. 

It will be recollected by the reader that in the case of 
the Xiinniean reform of the botanical nomenclature of 
species, this was one of the great improvements which 

a introdncod. 

Again : some of the first of the terms which Mr. Owen 
proposes iUiistratc^ and confirm by their manifest claim 
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to acceptance, a. maxim wMcli we stated as Aphoriam 
XXII. : namely, 

When alterations in teclinical terms become neces- 
sary, it is deairable tiiat the new term should contain 
in its form some memorial of the old one. 

Thus for ' basilaire,' which Cuvier exclusively applies 
to the 'pars basUaria' of the occiput, and which Geof- 
froy as exclusively applies (in birds) to the ' para basi- 
laria' of the sphenoid, Mr, Owen subatitutes the term 
basioecipUat. 

Again: for the term 'suroccipital' of Geofiroy, Mr. 
Owen proposes parocdpUal, to avoid confusion and false 
suggestion : and with reference to this word, he makes 
a remark in agreement with what we have said in the 
diflcuaaion of Aphoriam XXI. : namely, that the combi- 
nation of different languages in the derivation of worfs, 
though to be avoided in general, is in some cases admis- 
sible. He Bays, ' If the purists who are distressed by 
such harmless hybrids as "mineralogy," "terminology," 
and "mammalogy," should protest against the com- 
bination of the Greek pi-efii to the Latia noun, I can 
only plead that servility to a particular source of the 
fluctuating sounds of vocal language is a matter of taste ; 
and that it seems no unreasonable priviltge to use such 
elementaaa the sei-vanta of thought; and in the interests 
of science to combine them, even though they come 
from different countries, when the required duty is best 
and most eipeditiously performed by their combina- 

So again we have illustrations of our Aphorism Xll., 
that if terms are systematically good they are not to be 
rejected because they are etymologically inaccurate. In 
reference to that bone of the skull which has commonly 
been called vomer, the ploughshare : a term which Geof- 
frey rejected, but which Mr. Owen retains, he saya, 
'When Geoffrey was induced to reject the teim vomier 
as being applicable only to the peculiar form of the bone 
in a small portion of the vertebrata, he appeara not to 
have considered that the old term, in its wider applica- 
tion, would be used without reference to its primary 
allusion to the ploughshare, and that becoming, as it 

NOV. OBO. 23 
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Jiaa, a purely arbitrary term, it ia superior and prefer- 
able to any partially descriptive one.' 

Another condition wliicli I have mentioned in Aph- 
orism XX., aa valuable in teclinical terms is, that they 
should be susceptible of such gnunmatical rolationa ai 
their scientific use requires. 

This is, in fact, one of the grounds of the Aphorism 
which we have already borrowed from Mr, Owen, tbat 
we are to prefer single mibatantives to descriptive 
phraBBS. For from such substantives we can derive 
adjectives, and other forms; and thus the t«rm becomes, 
aa Mr. Owen says, a better inMruTnent of thought. 
Hence, he most consistently mentions it aa a recom- 
mendation of his system of names, that by them the 
reaulta of a long series of investigations into the qie- 
ciai homologies of the bones of the head are expressed 
in simple and definite terms, eajiahle of every requinU 
traction to express the proportion of the part«. 

I iaa.j also, in reference to this same passage in Mr. 
Owen's appeal in behalf of his terminology, repeat what 
I have said under Aphorism X: that the persons who 
may most properly propose new scientific terms, are those 
who have much new knowledge to communicate: so 
that the vehicle ia commended to general reception by 
the val ue of what it contains. It is only to eminent dis- 
coverers and profound philosophers that the authority 
is cooceded of introducing a new system of terms; just 
as it ia only the highest authority in the state which has 
the power of putting a new coinage into circulation. 
The long series of investigations of which the reaulta are 
contained in Mr. Owen's table of synonyms, and the phi- 
losophical spirit of his generalizations, entitles Mm to a 
most respectful hearing when he apjjeala to the Profes- 
sors and Demonstrators of Human Anatomy for an un- 
biassed consideration of the advantages of the terms 
pi-oposed by him, aa likely to remedy the conflicting 
and unsettled synonymy which haa hitlierto pervaded 
the subject. 

There is another remark which ia suggested by tha 
works on Comparative Anatomy, which I am no" 
ddering. I have said in various places that Teo 
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TeiToa ai-e a. neceasary condition of the progress of a sci- 
ence. But we may say much more than this: and the 
remark is bo important, that it deser^'<33 to be stated as 
one of our Aphorisms, as follows : 



Aphorisu XXV. 

In on advanced ScUnee, the hUtory of the Langttage of 
the Seknce is llie history of the Science itaelf. 

I ilAVTl already stated in previous Aphorisms (VIII. 
and XI.) that Terms must be constructed so as to 
be fitted to enunciate general propositions, and that 
Terms which imply theoretical views are admissible for 
this purpose. And hence it happens that the history of 
Terms in any science which has gone tlirougli several 
speculative stages, is really the history of the gene- 
ralizations and theories which have had ourrenoy 
among the cultivators of the soienee. 

This appears in Comparative Anatomy from what we 
have beeu saying. The recent progress of that science 
is involved in the rise and currency of the Terms which 
have been used by the anatomists whose synonyma Mr. 
Owen has to discuss; and the reasons for selecting among 
these, or inventing others, include those truths and gene- 
ralizations which are the important recent steps of the 
science. The terms which are given by Mr. Owen in his 
table to denote the bones of the head are good terms, if 
they are good terms, because their adoption and use is 
the only complete way of expressing the truths of homo- 
logy; namely, of that Special Homology, according to 
which all vertebrate skeletons are referred to the human 
skeleton as their type, and have their parts designated 
accordingly. 

But further : there is another kind of homology which 
Mr. Owen calls General Homology, according to which 
the primary type of a vertebrate animal is merely a series 
of vertebrte; and all limbs and other appendages are 
only developements of the parts of one or another of the 
vertebne. And in order to express this view, and in 
proportion as the doctrine has become current amongst 
23—2 
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anatomiste, the parts of vertebne have been described Irr 
terms of a degree of generality which admit of such an 
interpretation. And here, also, Mr. Owen has pro- 
posed a terminology for the parts of the vertebrie, which 
seems to convey more systematically and comprehen- 
sively than thoae of preceding writers the truths to 
which they have been tending. Each vertebra is com- 
posed of a centrum, neurapophysU, jiarapophysis, ptevro' 
popkygia, htsmapkygiB, neural spine, and hamal epine, 
with certain exogenous parts. 

The opinion that the head, as well as the other parts 
of the fi«me of vertebrateSj is composed of vertebne, is 
now generally accepted among philosophical anatomists. 
In the ffiatory {Hitt. I. S. b. xvii. c. 7, sect, i), I have 
mentioned this opinion as proposed by some writers; 
and I have stated that Oken, in 1 807 published a ' Pro- 
gram' On the siijnijKotwn of the bones of the Skull, in 
which he maintained, that these bones are CHjuivalent to 
four vertebrte ; while Meckel, Spix, and Geoffroy took 
views somewhat different. Cuvier and Agassiz opposed 
this doctrine, but Mr. Owen has in hia ArcheVype and 
Homologies of tfie Vertebrate Skeleton (1848), accepted 
the views of Oken, and argued at length against the 
objections of Cuvier, and also thoae of Mr. Agassiz. 
As I have noted in the lost edition, of the History of 
tlie Inditctive Seie^aceg (b. xvii, c. 7), he gives a Table in 
which the Bones of the Head aro resolved into four ver- 
tebrse, which he tej'ms the Occipital, Parietal, Frontal 
and Nasal Vertebne respectively ; the neural arches of 
which agree with what Oken called the Ear-vertebra, the 
Jaw- vertebra, the Eye-vertebra, and the Noae-vertebra. 

Besides these doctrines of iSpecio? Homology by w^hich 
the bones of all vertebrates are referred to their corre- 
sponding bones in the hnmau skeleton, and of General 
Homology, by which the bones are referred to the parts 
of vertebi-se which they represent, Mr. Owen ti'eats of 
Serial Homology, the recognition of the same elements 
throughout the series of segments of the same skeleton ; 
as when we shew in what manner the arms correspond 
to the \eg^ And thus, he says, in the head also, the 
basioccipital, basittpheiwid, pre^henoid and vomer aro 
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homotypea with the eentrvirns of all succeeding Tcrte- 
bne. The eaxccipUaU, oHsplieiioidi, orbUosplieuoids, 
and prefrontale, are homotypes with the neurapophyses 
of all the succeeding vertebrBe. The paroccipilals, 
macttnds and postfronlals, with the transverse processes 
of all the succeeding yertehrffi : and so on. Perhaps 
these examples may exemplify sufficiently for the general 
reader both Mr. Owen's tenninology, and the iatimate 
manner in which it is eonneoted with the widest gene- 
ralizations to which anatomioal philosophy has yet Iteen 
led. 

The same doctrine, that the histoiy of the Language 
of a Science ia the history of the Science, appears also 
in the recent progress of Chemistry; but we shall be 
better able to illustrate our Aphorism in this case by 
putting forward previously one or two other Aphorisms 
bearing upon the history of that Science. 

Aphorism XXVI. 

In the Terminology of Science it may he neceisary to 
employ letters, nxanbers, and algebraical si/mbols. 

1. MiNEHALOGY. 

I HAVE already said, in Aphorism XY., that sym- 
bols have been found requisite aa a [lart of the ter- 
minology of Mineralogy. The naines proposed by 
Haiiy, borrowed from the crystalline laws, were so 
inadequate and unsystematic that they could not be 
i-ekuned. He himself proposed a nidation for crystal- 
line forms, founded upon liis principle of the deriva< 
lion of such forms from a primitive form, by deere- 
'7n«nts, on its edges or its angles. To denote this deri- 
vation he took the first letters of the three syllables to 
mark the faces of the jPriMiTive form, P, Iv, T; the 
vowels A, E, I, to mark the angles ; the consonants 
It, C, D, ic. to mark the edges; and numerical espo- 
neuts, annexed in various positions to these letters, 
represented the law and manner of derivation. Thus 

when the primitive form was a cube, £ represented 
the result of a derivation by a decrement of one row 
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on an edge; tliat ia, a rhombic octahedron; and BF 
represented the combination of this octahedron with 
the primitive cube. In this way the pentagonal 
dodecahedron, produced by decrements of a to r 
on half the edges of the cube, waa repreaeuted \)j 

M'CG' '0. 

Not only, howeTer, was the hypothesia of primitave 
forms and decrements untenable, but thie notatum 
was too unsystematic to stand long. And when W^bs 
and Mobs eatablished the distinction of Systenu of 
Cryatallography', they naturally founded npon that dis- 
tinction a notation for cryBtalliae forms, Moha had 
several followers; but hb algebraical notation ao bar- 
barously violated all algebraical meaning, that it was 
not likely to last. Thus, Irom a primitive rhombo- 
hedron which he designated by if, he derived, by a 
certain process, a series of other rhomhohedrous, which 
he denoted by ^+ i, Ii+ 2, H — t, ifeo. ; and then, by 
another mode of derivation from them, he obtamed 
forms which he marked as (if +2)', (fl + a)', ice. In 
doing this he used the algehrwcal marks of addition 
and involution without the smallest ground; besides 
many other proposals no less transgressing mathe- 
matical anal<^ and simplicity. 

But this notation might easily suggest a better. If 
we take a primitive form, we can generally, by two 
steps of derivation, each capable of numerical measiire, 
obtoin any possible face; and therefore any crystalline 
form bounded by such faces. Hence all that we need 
indicate in our crystalline laws is the primitive form, 
and two numerical exponents; and rejecting all super- 
fluity in our symbols, instead of (£+a)" we might 
write 2 if 3. Nearly of this kind is the notation of 
Naumann. The systems of crystallization, the octa- 
hedral or tessular, the rhombic, and the plasmatic, 1 
marked by the letters 0, if, i*; and from these t 
derived, by certain laws, such symbols aa 
30a, «,ii!2, JPj, 
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which have their definite signification flowing from 
the mlea of the notation. 

Biit ProfesBor Miller, who has treated the subject 
of Crystallography in the most general and symme- 
trioal manner, adopts the plan of marking each orya- 
talline plane by tliree numerical indices. Thua in the 
Octahedral System, the cube is {too); the octahedron 
is {ill}; the rhombic dodecahedroa is {on!; ^^^ 
pentagonal dodecahedron is 7r{oi2}; where ir indi- 
cates that the form is not holohedral but hemi/iedral, 
only half the nnmber of faces being takeu which the 
law of derivation would give. This system ia the 
most mathemati colly consistent, and affords the best 
means of calculation, as Professor Miller has shown; 
but there appears to be in it this defect, that though 
an easentid part of the scheme is the division of ciya- 
talline forms into Systems, — the Octahedi'al, Pyra- 
midal, Ehombohedral and Prismatic, — ^this division 
docs not at all appear in the notation. 

But whatever be the notation which the crystal- 
logtapher adopts, it is evident that he must employ 
some notation ; and that, without it, he will be unable 
to express the forma and relations of funna with, which 
ht has to deal. 

2. Chemistry. 

The same haa long been the cflse in Chemistry. 
Jla I have stated elsewhere', the chemical nomencla- 
■,ttre of the oxygon theory waa for a time very useful 
ind effectiva But yet it hEid defects which could not 
be overlooked, as I have already stated under Apho- 
rism II, The relations of elements were too nume- 
rous, and their numerical properties too important, to 
bo expressed by terminations and other modifications 
of words. Thus the compounds of Nitrogen and 
Oxygen are the Protoxide, the Deutoside, Nitrous 
Acid, Peroxide of Nitrogen, Nitric Acid. The sys- 
tematic nomenclature here, even thus looMciy extended, 
does not eipresa our knowledge. And tiie Atomic 
Theory, wh(ia established, brought to view numerical 
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relations which it was very important to kee 
night. If iV represents Nitrogen and Oxygen, 
compounds of the two elements jnst mentioned might 
be denoted by JV+0, N ^ 2O, iV+30, If+^O, N+^O. 
And by adopting a letter for each of the elementary 
substances, all the combinations of them might be ex- 
pressed in this manner. 

But in chemistry there are different orders of com- 
binatioD. A salt, for instance, is a componnd of a 
base and an acid, each of which is already compound. 
If Fe be iron and C be carbon, Fe + will be the pro- 
toxide of iron, and G+ 2O will be carbonic »cid; and 
the carbonate of iron {more properly carbonate of 
protoxide of iron), may he represented bv 

(Fe+0)-h{C+30) 
where the brackets indicate the £rat stage of compO' 
sition. 

But these brackets and signs of addition, ia complex 
caaes, would cumber the page in an inconvenient de- 
gree; and oxygen is of such very wide occurrence, that 
it seems desirable to abridge the notation so far as it 
is concerned. Hence Berzelius proposed" that in flie 
first stage of composition the oxygen should be es- 
pressed by dots over the letter; and thus the car- 
bonate of iron would be Fe + C. But Berzeliis 
further introduced into his notation indexes such as 
in algebra denote involution to the square, cube, &c 
Thus Cw being copper, the sulphate of copper ia repre- 
sented by S'Cu. This notation, when first proposed, 
was strongly condemned by English chemists, and 
Berzelius's reply to them may be taken as stating the 
reasons in favour of such notation. He sa^', 'We 
answer to the opponents, that undoubtedly the mat- 
ter may be looked at in various lights. The use 
of Formute has always, for a person who has not 
accustomed himself to them, something repulsive; bnt 
I agree with my opponent, 
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■who Bays that nothing can bo understood in a Formula 
which oannot be espi-esaed in ■words ; and that if the 
■words espresa it aa easily as the Formula, the nso of 
the lattar would be a folly. But there aro caseB in 
which this is not so; in which the Formula says in a 
glance what it would take many lines to espreas in 
words ; and in which the expression of the Formula is 
clearer and more easily apprehended by the reader 
than the longer description in words. Let ua examine 
such a Formula, and comjiare it with the equivalent 
description in words. Take, for example, crystallized 
sulphate of copper, of which the Formula is 

CuS'+ioH'O. 

Now this Formula expresses the following proposi- 

'That the salt consists of one atom of copper-oxide 
combined with 2 atoms of sulphuric acid and with ro 
atoms of water; that the copper-oxide contains two 
atoms of oxygen; and that the sulphuric acid contains 
3 atoms of oxygen for one atom of sulphur; that its 
oxygen is three times aa much as that of the oxide; 
and that the number »f atoms of oxygen in the acid is 
6 ; and that the number of atoms of oxygen in the 
water is 1 o ; that is, 5 times the number in the oxide ; 
and that finally the salt contains, of simple atoms, i 
copper, 2 sulphur, so hydrogen, and 18 oxygen. 

' Since so much is expressed in this brief Formula, 
how very long would the explanation be for a mora 
composite body, for example. Alum; for which the 
Formula is 

A' A'^ + alfi'-f- 48 iPO. 
It would take half a page to express all which this 
Formula contains. 

' Perhaps it may be objected that it is seldom that 
any one wants to know aU this at once. But it miglit 
reasonably be said in reply, that tlie peculiar value of 
the Formula consista in this, that it contains answers 
to all the questions which can be asked with regard 
to the composition of the body. 
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*Eiit these FormuJffi have also another application, 
of vrhicb I liave Mometimea had occasion to make use. 
Experiments Bometimes bring before ua combinations 
wliioh cannot bo foreseen froni the nomenclature, and 
for which it is not alvays ea»j to find a consistent 
Bill] appropriate name. In writing, the Foimula mf 
be appUed instead of a Name : and the reader under- 
Btands it better than if one made a new najne. In 
my treatise npon the anlphuretted alkalies I found 
Degrees of Sulphur^wmbi nation, for which Nomen- 
clature has no name. I expressed them, for example, 
by £S°, SS", £3", and I believed that eveiy one un- 
derstood what was thereby meant. Moreover, I found 
another class of bodies in which an electro-negativ 
sulphuretted metal played the part of an Acid with I 
respect to an electro-positive sulphuretted metal, for I 
which a whole new nomenclature was needed ; while I 
yet it were not prudent to construot such a nomencl»- I 
ture, till more is known on the subject. Instead of ■ 
new names I used formuhe j for example, 

AS' + 2Aa S', 
instead of saying the combination of 2 atoma of Sul 
phuret of Arsenic containing 3 atoms of Sulpbui , 
with one atom of Sulphuret of Potassium (Kali) with 1 
the least dose of sulphur,' 1 

Eerzelius goes on to say that the Engliah chemiets I 
had found themselves unable to find any Bubstitutee I 
for his formulte when they translated his papers. 

Our English chemists have not generally adopted I 
the notation of oxygen by dots ; but have employed 1 
commas or full stops and. symbols (, or . and +), i 
denote various degrees of union, and numerical it 
dices. Thus the double sulphate of cop[)er and potash I 
is Cu 0, SO, + £0,S0^. ' 

What has been said ia applicable mainly to inorgajiic 
bodies (as salts and mineraJs)\ In these bodies there 
is (at least according to the views of many intelligent 
chemists) a binari/ plan of combination, union taf ' 
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[ilace between pair» of elements, and tho comptiunda 
30 produced again uniting themselvea to other com- 
pound bodies in the same manner. Thus, in the above 
example, copper and oxygen combine into oxide of 
copper, potassium and oxygen into potaah, sulphur 
and oxygen into sulphni-ie aeid ; sulphuric acid in its 
turn combines both with oxide of copper and oxide 
of potassium, generating a pair of aajta which are 
capable of uniting to form the double compound 
Cu0,80,+K0,S0,. 

The most complicated products of inorganic che- 
mistry may be thus shown to he built up by this 
repeated pairing on the part of their constituents. 
But with organic bodies the case is remarkably differ- 
ent; no such arrangement can. here ho traced. In 
sugar, which is C\^ H^^ ()„, or morphia", which ia 
6'jj H^^ ^Og, the elements are as it were bound toge- 
ther into a single whole, which can enter into combi- 
nation with other substances, and be thence discharged 
with properties unaltered; the elements not being 
obviously arranged in any subordinate groups. Hence 
the symbols for those aubatancea are such aa I have 
given above, no marks of combination being used. 

It ia perhaja a consequence of this peculiarity that 
organic compounds are unBtahlo in comparison with 
inorganic. In unoi^anic substances generally the ele- 
ments are combined in such a way that the most 
powerful affinities are satisfied', and hence arises a 
state of very considerable permanence and durabi- 
lity. But in an organic substance containing three 
or four elements, there are often opposing affinities 
nearly balanced, and when one of these tendencies by 
some accident obtains a preponderance and the equili- 
brium is destroyed, then the organic body breaks up 
into two or more new bodies of simpler and more per- 
manent constitution. 

There is another property of many organic sub- 
stancas which is called the Lata of SwbatUution. The 
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Hydrogen of the organic substance may often bo j 
placed bj Chlorine, Bromine, Iodine, or soiae othi 
elements, without the destruction of the pvimitive 
type or constitution of the compound so modified. 
And thii4 substitution may take place by several suc- 
cessive steps, giving rise to a series of subatitution- 
compounda, which depart more and more in pi-opertiea 
jrom the original substance. This Xiaw also gives rise 
to a special notation. Thus a certain compound called 
Dutch liquid haa the elements C H^ Cl^ : but this Bub- 
stance is affected by chlorine {Cl) in obedience to the 
law of su.bstitution ; one and two equivalents of hy- 
drogen being successively removed by the prolong 
action of chlorine gas aided by sanshine. The auoe 
sive products may be thus written 



C.S.«,;C.{§}a., (7.{g. 



Cl, 



Perhaps at a fiiture period, chemical symbols, and 
especially those of organic bodies, may be made more 
systematic and more significant than they a 



Aphobism XXVII. 

Iti Vising algebraical gr/mboh ai a part of 
language, violationi of algebraical analogy are to be 
hut may he admitted when neceatary. 

As we must in scientific language conform to 6 
mology, so must we to algebra; and as we are not 9 
make ourselves the slaves of the former, so also, not € 
the latter. Hence we reject such crystallograpbical 
notation as that of Mohs; and in chemistry we use 
C^ 0,, rather than C, (/, which signify the square 
of G and the cube of O. But we may use, as we have 
said, both the comma and the sign of addition, for 
chemical combination, for the sake of brevity, tbouglt 
both steps of combination are really addition. 



lonjE^^ 

resedHH 

lentiM 

lot^^H 

lot ^^^ 
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Aphobism XXVIII. 

In a compUo! acienct, which it in a ilate of traruition, 
eapr^ioua and detached derivationi of terms are eomtnon ; 
but are not eatisfactory. 

In thia remark I liave especial reference to Choii 
tiy ; in ■which the disoovories made, espeoialJy in orga- 
nic chemistry, and the difBculty of redacing them to a 
system, have broken up in several instances the old 
nomenclature, without its being possible at present to 
construct a new set of terms E^stematically connected. 
Hence it has come to peas that chemist^ have con- 
structed words in a capricious and detached way: as 
by taking fragments of words, and the hte. 1 shall 
give some examples of such derivations, and also of 
some attempts which have more of a systematic cha- 

I have mentioned (Aph. XV. sect. 7) the word ^^- 
lagic (acid), made by inverting the word Gaile. Several 
words have recently been formed by chemists by 
taking syllables from two or more different words. 
Thus Chevreul discovered a substance to which he gave 
the name Edwl, trom the first syllables of the words 
ei/wr and alcoliol, because of its analogy to those liquids 
in point of composition'. So Liebig has the word 
chloral'. 

Liebig, examining the product of distillation of alco- 
liol, sulphuric acid and amber, found a substance which 
lie termed Aldehyd, from the words jl^cohol tlehytl- 
i-ogenated'. This mode of making words has been 
sti-ongly objected to by Jlr. Dnmas*. Still more has 
he objected to the word Mefrcaptan (of Zeise), which 
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i>iiimB had Petigot, workiag on i^roligBeoiiB acidi^ 
mill mason to bejiere die exirtaice of » mthebkxico' 
\ which thej csUed aulAglate, deriTing the name fem 
■KtAy, a ^irituom fluid, aitd iyU, wood. BexxdiMB 
remariu that the name should nther be wtethyi, and 
that v\3] mar be taken in ita ngnificatiati of matter, lo 
imply the Badical of Wine : uid be proposes that the 
4dder ^ther-Badical, C H^, shall be odled ^0^ 
iSaa newer, C, f ^ -1/efAi^ 

This notion of markiog by the tennination yl the 
hypothetical componitd ladit^ of a aeries of chemical 
GompoandB has been generally adopted ; and, as ire see 
from the above reference, it must be regarded as pb- 
pn;«enting the Greek word vAi; : and sa<^ hypothetical 
radicals of bases have been termed in general btuyta- 

Bunsen obtained from Cadet's ftuning liquid a snb- 
titance which he called Aliargin (oUali-arsenic?)'. and 
the Bubntance produced from tlm by oxidation he 
called AlSxtrgen'. Berzelius was of opinion, that the 
true view of its composition was that it contained a , 
compound ternary radical = C B" A^, after the m. 
ner of organic bodtea; and he proposed for this the 
na.Tae' Kakodyl. Alkarain is Kakodyl-oiyd, Kd. Al- 
Itargen is Ealcodyl-acid, Kd. 

The discovery of Kakodyl was the first instance of | 
tlie insulation of an organic metallic haayl". 

The first of the Hydrocarbon Radicals of the Al- 
cohols was the radical of Tetrylic alcohol obtained by I 
Kolbe from Valerate of Fotaah, and hence called Valyl 1 

",.»,,■ ' 

CMoroform is ^vMoride of formyl, the hypotheti- 
cal radical of formic acid'. 
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The discovery of such liases goes back to 1815. 
The substance formerly called Pribseiale of Mercury, 
being treated in a particular manner, ■was resolved into 
metallic mercury and Cyamogen. This substance, Cyor 
nogen, is, accoi-ding to the older nomenolatwre, Bicwr- 
buret of Nitrogen; but chemiste are agreed that its 
most convenient najne is Cyanogen, proposed by its 
discoverer, Gay-Lnsaac, in 1815'°. The importance 
of the discoTery consists in this; that this substance 
was the first compound body which was distinctly 
proved to enter into combination with elementary sub- 
stances in a manner similar to that in which they 
combine with each other. 

The truth of our Aphorism (XXV.) that in such a 
science as chemistry, the history of the scientific nomen- 
clature ia the history of the science, appears from this ; 
that the controversies with respect to chemical theories 
and their application take the form of objections to the 
common systematic names and proposals of new namee 
instead. TLua a certain compound of potassa, sulphur, 
hydrogen, and oxygen, may be regarded either as Ily- 
drosulphiUe of Potasaa, or as Sulphide of Polaasiuvi in 
Bolutioti, according to difierenfc views". In some cases 
indeed, changes are made merely for the sake of clear- 
ness. Instead of Hydrochloric and Hydronyaaiie acid, 
many IVench writers, following Thenard, transpose the 
elements of these terms J they apeak QiCidwhijd/riew\^ 
Cyomliyd/rie acid; by this means they avoid any ambi- 
guity which might arise fi-ora the use of the prefix 
Hydro, which has sometimes been applied to compounds 
which contain water". 

An incompleteness in chemical nomenclature was 
further felt, when it appeared, from the properties of 
various substances, that mere identity in chemical 
composition is not sufficient to produce identity of 
chemical character or properties". The doctrine of 



. Miller'B Oiemitlrji, U. 66. 



FURTHER ILLUSTRATIONS OOJICER.NING 



the exiatence of compounds identical in ultimate 
position, but different in citemioal properties, 
termed Ifomeriam. Thus chemists enumerate th 
lowing compounds, all of which contain carboa and 
hydrogen in the proportion of single equiTalenta of 
each": — Methylene, Ole^iont gag, Fropylene, Oil gag, 
Amylene, Caproylene, ^aphlMne, Uleene, Feramylene, 
Ceiylene, Cerotf/letie, Melissine. 

I will, in the last place, propound an Aphorism 
whioh has already offered itself in considering the 
history of Chemifltry"', as having a special bearing upon 
that Science, but which may be i-egardeil as the su- 
preme and ultimate rule with regard to the language 
of Science. 
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Aphorism XXIX 



In haming the meaning of Scientific Termi, the hieltuy of 
aii%eaee u cur Dieliunari/; the stepe of geimitifie induelion are 
our Definitione. 

It ia nsual for unscientific readers to complain that 
the technical tenns which they meet with in books of 
science are not accompanied by plain definitions such on 
they can understand. But such definitions cannot be 
given. For definitions must consist of words; and, in 
the case of scientific terms, must consist of words which 
require again to be defined : and so on, without limit. 
Elementary suhUancea in. chemistry, for instance, what 
are they! The aubstanoes into which bodies can be 
analyged, and by the junction of which they are coitk- 
poaed. But what is analysis I what is coiiipogition f We 
have seen tliat it i-equired long and laborious courses of 
experiment to answer these questions; and that finally 
the balance decided among rival answers. And so it 
is in other cases. In entering upon each science, -v 
come upon a new set of words. And how are we to lea 
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g of thia collection of words! In what othar 
language shall it be explained 1 In what t«rms shall we 
define these new expresaionsl To this we are compelled 
to reply, that we cannot translate these terms into tiny 
ordinary or faniUiar language. Hei'e, aa in all other 
branches of knowledge, the meaning oif words ia to be 
sought in the progress of thought. It is only by going 
back through the succeaaful researches of men respects 
ing the compoaliion and elementa of bodies, that we can 
learn in what sense such terms can be understood, so as 
to convey real knowledge. In order that they may have 
a meaning for ua, we must inquire what meaning they 
bad in the minds of the authors of oiir discoveries. And 
the same is the case ia other subjects. To take the in- 
stance of Morphology. When the beginner is told that 
eve^ group of animals may be reduced to an Archetype, 
ho win seek for a definition of Archetype. Such a defi- 
nition has been offered, to tliis efiect ; the Archetype of 
a group of animala ia a diagram embodying all the organs 
and parts which are found in the group in auch a rela- 
tive position aa they would have had if none had at- 
tained an exoeseive deTelopm.ent.. But, then, we are led 
fiirther to ask, How are we in each case to become ac- 
qutunted with the diagram ; to know of what parts it 
consistB, and how they are related ; and further; 
What is the atandard of excess I It is by a wide 
examination of particular species, and by several suc- 
cessive generalizations of observed fiicts, that we are led 
to a diagram of an animal form of a certain kind, (for 
example, a vertebrate ;) and of the various ways, exces- 
sJTe and defective, in which the parts may be developed. 
Thia craving for definitions, as we have already said, 
arises in a great degree iroja the acquaintance wi^ geo- 
metry which moat persons acquire at an early age. 
The definitions of geometry are eaaily intelligible by a 
beginner, because the idea of apace, of which they are 
modificationa, ia clearly possessed without any special 
culture. But this is not and cannot be the case in other 
Bciences founded upon a wide and exact observation of 
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It was formerly said that there was no Iloyal 'Road 
to Geometry: in modem times we have occasion often 
to repeat that there is no Popular Itoad — ^no road easy, 
pleasant, offering no difficulty and demanding no toil, — 
to Comparative Anatomy, Chemistry or any other of 
the Inductive Sciences. 



THE END. 
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